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Preface

This independent study began as an effort to perform a
fcllow-up analysis of another thesis on airborne penetration
of radioactive clouds. The o:ig;nal thesis was done by B.E.
Hickman (Ref 10) and performed a worst case analysis by compu-
ting the deses aircrew members would receive when flying
through a descenéing fallout cloud generated by a nuclear
surface burst. Military planners are still interested in this
problem, due to the proposed dense packing of the MX missiles.
An attack on these silos, housing the MX missiles, by megaton
or greater sized weapons would present a serious vroblem for
strategic aircraft carrying out their wartime missicns. Since
these aircraft would be airborne for extended periods of time,
penetration of radioacstive clouds would be probable.

Presented within are my efforts on extending and improving
the previously developed computer code. This code calculates
the ionizing dose rate czused by the_portion of the radioactive
cloud ingested by an aircraft as a function of time. It also
computes the dose rate caused by radiation external'to the
aircraft. The external radiation will be hereafter referred

to as sky-shine radiation. Radiation doses from a multiple

burst scenario are also computed by an extension of this code.
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\ Abstract
\

~M'l‘h:ls report evaluates the threat to aircrew members
when their aircraft approaches and subsequently penetrates a

descending radioactive cloud generated by a nuclear weapon

surface burst. —

~——

~—

The computer code décgfbpedkxéuring this study, is a
revision of the code develbped by Higihén;x The re-development
of ﬁickman's'érogram consists of a remodeling of the computa-
tional methods for sky—éhine dose and cloud model. The code

also computes the ionizing dose rate an air crew member

.~ receives when flying through the radioactive cloud as a func-

tion of time. < The cloud model developed is patterned after
the AFIT (Falloyt Smearing) code. A comparison is made between
the activities”and doss received between 500 and 12,000 meters
altitude aé‘increments of 500 meters.

SﬁThe code computes the doses by considering the cloud
size, the aircraft's transit time, the ingestion rate of
radiocactive particles, the aircrarft's distance to the burst,
and the aircraft's altitude. A simple extension of the com-
puter code computes the dose received from multiple bursts.
The results show that at 9500 meters (appéé%;;atetynzi;goo
feet), the total dose to each aircrew member is appro*imate&y
5 rem after flying through the cloud 1 hour after cloud sta-
bilization. The multiple burst dose is approximately 204 rem
under the same conditions as the single burst case. Both the
single and multiple burst case use a mission completion time

of 8 hours after entering the cloud.
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ATRBORNE FENETRATION OF

RADIOACTIVE CLOUDS

I. JIntroduction

Background

The proposed basing of the MX missile system, whether by
dense packing or a similar scheme, would definitely be a prime
target for an enemy first-strike attack. The numerous radio-
active dust clouds generated by such a strike, aided by the
prevailing winds, would cause large areas of the continental
United States to be exposed tc radioéctive fallout. Airborne
alrcraft would also be exposed to these clouds when either
entering or approaching them. Strategic aircraft, performing
their‘wartime mission, would be especially susceptible to
exposure. The Strategic Air Command has expressed concern
about the amount of fallout that Airborne Command Post per-
sonnel would be exposed to when flying through these radio-
active clouds (Ref 10). The specific dose rates generated by
this study provide informaticn to help redirect an aircraft's
flight path if location, time of burst, approximate yield and
wind profiles are known. By knowing these parameters, the
aircraft's altitude could be decreased in order to reduce the
dose caused by gamma-ray radiation to the aircrew.

Aircraft penetration of radicactive clouds is hazardous

in at least four ways. First, the aircrew is exposed io

1
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ionizing radiation through the aircraft's ventilatinn system
and through the aircraft's skin. GSecondly, the aircrew may
1nje§t the radiocactive particles. Thirdly, electronic equip-
ment could malfunction if the ionizing dose rate is high
enough (Ref 9). Fourth, if the dust particles are large and
numerous enough the aircraft's 2ngines could be physicaily
damaged by mass ingestion of the dust particles. This study
focuses only on the first hazard. Note that the second
hazard could be all but eliminated by having the aircrew put

on their oxygen masks.

Problem

No data on previous flights through radiocactive clouds
could be found. Therefore, comparisons are not made against
actual data. Compirisons are made against the data generated
by Hickman's (Ref 10) computer code and were found to be
approximately 20 percent lower than his for a single meagaton
size burst. The parameters used in this study were for an
EC-135 aircraft. This is the aircraft used as an airborne
command post. These parameters are the same for a KC-135
(refueling) aircraft. Parameters for a B-52G could also be
used in the computer program (Ref 17). 2although, because of
time limitations, the author did not compute the dose to a
B-52G aircrew member.

The computer program, developed during this study, com-
putes particle size distribution as a function of yield,

altitude and fall time for a specific time. With the particle

I“-‘! \.\‘.\ “~ ;
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size distribution known, from sea level on up, the amount of

activity at any altitude can be ccmputed. Cabin dose, caused
by the ingestion of patticles at the aircraft's altitude, and
sky-sahine dose can then be computed. Total aircrew dose, due

to gamma radiation, will then be known.

Scope

This study models the radioactive cloud similarly to
Hickman's approach. This computer model computes both the
activity that enters the aircraft and the radiation directed
through the external skin at specific times and altitudes.
There are four major changes compared to Hickman's model.
First, the sky-shine dose computational method is changed as
to not incorporate Hickman's approximation, but rather a dif-
ferent approximation. Hickman compuied sky-shine dose by
assnming that the aircraft was positioned at the center of
the radiocactive cloud for the time it took the aircraft to
fly through the cloud. This study computes the sky-shine
dose by integrating the .ormalized horizontal distribution
function, f(x,t), from minus to plus infinity. Second, par-
ticle size distribution centers are nct all set to the cloud's
center altitude at stabilization time. The distribution
centers are instead set to individual particle altitudes at
stabilization time. Third, a shielding approximation was
used in computing the sky-shine dose. Fourth, integrati..
from minus to plus infinity of the f(x,t) function was also

used to compute the activity caused by the radioactive

P Y
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particles that enter the cabin. Hickman, on the other hand,
used two times the standard deviatiuon of the f£f(x,t) function
as the lateral limits of the radioactive cloud. His program
then computed the amount of radiocactivity that entered the
aircraft during the time it tock the aircraft to traverse
the radiocactive cloud. Also, for internal activity, the
numerical integration, usecd to compute the dose rate at the
center of the cabin, used a different value for cabin radius
and consequently a different value for this integral was
calculated and used in the computer code. These changes are
discussed in greater detezil later in the text. The results

for -cabin activity still constitute a worse-case approach.

This is because gll of the particles that are ingested into

the cabin are assumed to remain in the cabin for the duration
of the mission. The accumulation of rudioactivé particles in
the cabin is due to cabin pressurization, z2ir conditioning

and electronics cooling. Only the mass flow rate from cabin
pressurization and air conditioning is used in this study.

A different compressor with a different mass flow rate is

used for electronics cooling (Ref 19). The aircrew are also
exposed to radiation by direct contact and inhalation, although
onliy tissue dose from the external gamma radiation is addressed

in this report.

Assumptions

There are several explicit assumptions made in this

report. They are:
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1. The cky-shine dose is integrated between the times
of plus infinity ud minus infinity

2. The initial conditions for the stabilized cloud as
treated by Bridgman and Bigelow (Ref 1) and remodeled by
Hopkins (Ref 2) are applicable

3. The paréicle size distribution at cloud stabiliza-
tion time as treated by Bridgman and Hickman (Ref 2) is
applicakle

4. There is no self shielding of gamma radiation inside
the cabin

5. There is no adherence of radioactive particles to
the exterior of the aircraft

6. Megaton size thermo-nuclear weapons will be used

against the hardened missile silos.

These assumptions are also discussed in more detail later in

the text.

Approach
The mathematical development of the computer model and

a summary of the results for a single and multiple burst

scenario in terms of activity density in Curies per cubic

i
)

meter versus altitude at various times are presented in
Chapter II. The mathematical development for the external

dose, caused by both cabin activity and sky-shine, is pre-

A AT TR G

sented in Chapter III. The results for a single, l-megaton

ground burst are then presented in tabular form. Thecse
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tables include the doses received and the particle contri-
buting the most activity at the specified altitude. The
mathematical development for incorporation of multiple burst
doses into the computer code is presented in Chapter 1IV.

The results are then presented in tabular form for a specific
multiple burst scenario. Conclusions and recommendations

are presented in Chapter V.
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A II. Cloud Model
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Background

of its excellent predictive capabilities.

distribution'and to use realistic settling

model. This model was perhaps too simple,

tribution rather arbitrarily.
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WSEG~10 is normally used in operational type studies.
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There. are two models used almost exclusively to predict

radicactive fallout caused by a nuclezar burst. These two

cal functions rather than numerical analees and computes

fallout dose rates in seconds or less on modern computers.

Unfortunately,

DELFIC is cumbersome to use and slow to compute. On the
other hand, WSEG-10 fails to account for fractionation, to

‘!} allow for activity particle size variations in the fallout

rates.

since it treated

radiation variations, fractionation and particle size dis-

This study, like Hickman's. uses the fallout prediction
model developed by Bridgman and Bigelow (Ref 10). This is
the AFIT model and produces results which compare favorably
with DELFIC {(Ref 1l). Since this model accounts for fraction-
ation, activity size variations, uses realistic settling
rates and computes in seconds or less it is used in the

o development of the model in this study. Since only the

BT . . ot . - e
“ et et et ANt
o e . KA A
R TSRS LS G L S N

models are WSEG-10 and DELFIC (Ref 20). WSEG-10 uses empiri-

DELFIC

Patrick (Ref 16) and Patrick et al (Ref 17) investigated

aircraft penetiration of radioactive clouds using a simplified

.

is used for research work and as a comparison standard because

-8 -‘.‘

"
-

* x*.s "



U B iirte T T 7 s are i A Jiats g S 2= o it i i gy enS 0 g W g NN
AL L r 0 O O A PRE o o P R M S A L AN M R r RN M A X AR R o R DR A AN ML P ami i g~ s s g NN
R »

o airborne cloud is used in this study, thne g(t) function,
which is the normalized rate of arrival of activity on the

ground, was not applicable.

Theory

The DELFIC model is considered to be the standard pre-
dictive model. The cloud inodel presented by Bridgman and
Bigelow, as modified by Hopkins (Ref 2), is used in this
study. Activity size distributions are used which do account
for fractionation. These distributions are divided into 100
discrete size groups. The size groups used in this study
are from the DELFIC default parameter (Ref 1).

The cloud produced by a nuclear burst consists of hot
gases and vapors which rise immediately from the detonation

‘E’ pdint. The cloud is cooled by radiation and convection until

its contents reach the local ambient atmospheric temperature
at which point the rise ceases. The cloud stabilizes in 4 to
10 minutes at a height and radius determined by the weapon's
yield (Ref 9). Suspended solid particles are formed during
the cooling phase and before cloud stabilization. These par-
ticles are approximately spherical in shape with sizes ranging
from less than a micron to several millimeters for surface
bursts.

The radioactive cloud is modeled as an upright volume
which approaches a right circular cylinder. This assumes no
variation in wind translation from the top to the bottom of

o the cloud. The radiocactivity contained within the cloud is
8

ST

int

DT T A R e T e e e T S TP PR SIS S SR
DY, IR
- n + at et L)

N e R Py S e N o N N UL i s e e
'“mmm’l:'&'&fml‘fh\\‘.:-:""\‘u‘..'.\‘- AW T IR AP DRRRTRCRNPRRPRERE. |




— A . - e . W T M e o o T A LRSS

LY,

— - S o s -x~ Rt ok epiaic el SE DA (ub e 3t s e P At M e Sk S
!kai{lb.‘i‘.f,ﬁiﬂ'i“, PRl G htat ~d A AT AL A g At A4 Sl G A At B RASIRUIENCOIEE A

assuniied to be normally distributed in the horizcntal direc-~

tion and individual size groups are assumed normally distri-

butad in the vertical direction. Although, these assumptions

are almost never true, thay don't really nmatter for two rea-

sons. First, the sgsky-shine dose is determined by the particle

size activity groups that are near the aircraft. Distant
groups are unimportant due to the exponential attenuation of
air. Second, for the cabin activity, the aircraft flies
through the whole cloud at a constant altitude sweeping out
all of the particles that are at that altitude at that time.
Figure 1 illustrates this model.

The radioactivity per unit volume of outside air is a

function of particle radius, r, and time, t. The activity

density is
® 3
A {x,y,2z.t) = [ A (xy,7,r,t)dr [Ci/m7] (1)
o
Variation of the specific radiation density term, A _''', in

r
any of the three spatial directions is assumed to be inde-

pendent of the other two. It is also assumed that variation
in the two horizontal directions is independent of particle

size. Therefore, Eq (1) becomes

Ap'''(x,y,2.t) = £(x,t)f(y,t) ﬁjAr'(z,r.t)dr[Ci/m3] (2)

where

- )\ 2
£(x,t) = —2 e-45<__t2_(_)_"0: £) [";l] (3)
7/
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and

WA
4y %

Y-Yo (t)\ 2
f(y.t) = -—1-‘,5 — 9—3’(_0—'!('—)’1; ‘> [l] (4)
% cy b 4 m

Where o, and oy are defined later in this section. By re-
placing the integral in Egq (2) with a summation over the 100
discrete particle size groups, where each group is assumed to
consist of a mono-sized particle, r;, which contains one per-

cent of the total activity one obtains

o0 190 1
7 Agt(z,r,t)ar[ci/m] ==iZ.=lAi(r,t)f1(z.t) (5)
where
i _ 1 - zi—z)Z 1
R "(—*“0; [ﬁ] (6)

In equations (3) through (6) x is the downwind distance,
Y is the crosswind distance, z; is the vertical heiqght for
each particle size group, z is the aircraft altitude, here-
after Z5, and the sigmas are the time varying standard devia-
tions. Time of arrival, t,, was used in the program instead
of true time, t. This is an approximation since the time
does vary as the aircraft traverses the cloud. But since
this time is from one to two minutes, t_, approximately equals
t during aircraft passage of the cloud. In WSEG-10, v, is a
constant wind which rotates uniformly with altitude. 1In this
report the aircraft veiocity, VAC, is used instead of v_.

X

Therefore, since the aircraft and the cloud are in the same !
%fﬁ
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e medium, VAC is the true airspeed, not groundspeed, of the

aircraft.

s

Eq (4) can now be constructed as

!
)

oy
"
"
)
Y
L)
.

A (x,y.z,t) = f(x,t)f(y.t)igi A (r,t) fl(z,¢) (7)

The activity A;(r,t) is equal to one percent of the total
cloud activity. This was accomplished by evaluating the
cumulative activity size distributions atter running the
computer code DELFIC with its default particle size distri-
bution (Ref 2). Other activity size distributions could be
constructed by the method described by Bridgman and Bigelow
(Ref 1). The mean radii of the 100 particle size groups are
given in Table I. The time variation of the activity follows

QED the Way-Wigner approximation, A(t) = A; x t‘l'z, where A(t)

- is the cloud's activity at time t and A; is the activity at
unit time. 530 gamma megacuries per kiloton of fission yield
was used for the activity at unit time (Ref 9).
Computation.of both the sky-shine and cabin ingestion

dosesfié;performed by integrating the normalized horizontal
distribution function, f(x,t), from minus :o0 plus infinity.

This insures that all of the particle size groups, located

at the aircraft's altitude, contribute to the dose received.
Therefore, this study does not use a worst case approach, as

Ei Hickman's did. The methods used to corpute sky-shine and

, cabin ingestion doses are detailad in their respective sections.

The assumptions, which allow the above methods to be used,
:::n (;: ;‘.q

]
)
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TABLE I

Mean Radiai, in crons, of the
100 Egual Activity Groups

.48 .92 1.29 1.64 1.99  2.35
2.70 3.07 3.45 3.83 4.23  4.64
5.06 5.49 5.94 6.39  6.87  7.36
7.87 8.39 8.93 9.50 10.1  10.7

11.3 11.9 12.6 13.3  14.0  14.7
15.4 16.2 17.0 17.9  18.7  19.5
20.5 21.5 22.5 23.5  24.6  25.7
26.8 28.0 29.3 30.5  31.9  33.2
34.7 36.2 37.7 39.3  41.0  42.8
44.6  46.5 48.4 50.5  52.7  55.0
57.3 59.8 62.5 65.3  68.2  71.3
74.5 77.7 81.4 85.2  89.2  93.5
98.0 103. 108. 113.  119.  126.
132. - 140. 148, 156.  166.  176.
188, 201. 215, 231.  249.  270.
294. 323. 357. 398.  450.  519.
615. 762. 1033, 1873.
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are also defined in these sections. Methods for computing

sigma x and y have been developed for both the WSEG-10 (Ref
18) and AFIT (Ref 1) models. Although, since the g(t) func-
tion was .10t used sigma x was never calculated in these two
reports. It is assumed that sigma x will behave as sigma y,
except without thé torroidal growth term. This term is not
needed for sigma x since a constant wind in the x direction

is assumed. The ecuations for sigma x and y are

0(ty) = 02 [1 + 8yl + lo,5et,] (8)
Tc
02(ty) = 02 [1 + 8ty] (9)
Tc
where
og = exp[0.7+4n(YLD)/3 - 3.25/(4+[2n(YLD)+5.4]) ] (10)
and
2
- (HC)
[123_ - (2. 5_9)] *[1-0.5 e 25 1 (11)
where

HC = 44.0 + 6.1fzn(YLo) - 0.205+[2n(YLD) + 2.42]
| 2n (YLD) +2. 42| (12)

The time constant vsed in WSEG-10, T, and ta are in
hoars and the standard deviations are in meters. HC is the

center height of the cloud and is also from WSEG-10. HC is

14
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;b:'cxx in kilofeet and YLV is in megatons. S is the wind shear and
R ‘s

wy = av 1

3 s = I {3;1 (13)

Shear is assumed to have a constant value of 1 in this study.

Sigma z will be defined later in the text. The tima, t

ook 4

at
will always be less than or equal to 3 hours, since this is

e

'y
LS

when the torroidal growth term is assumed to die out (Ref 18).

ny
% b A

F(z,t) is evalnated by initially assuming a vertical

distribution of the cloud at stabilization time for each

7.7

activity size group and then following the distribution as

t
7 » S

.

it fell *o the ground (Ref Z). The stabilized time vertical

.distributions are assumed to be normal functions with the

sl
e

", lower distributior centers at the lower altitudes for the
A larger particles.

e otd
-

LT
4‘ ‘:' —‘ - #

The stabilized altitude for the distribution centers

for each activity size group, zé,uis calculated from the

5 following formula from Hopkins (Ref 2)
%
% i
) 1 _
% where
3
e EnC; = 7.889 + 0.34:%nY + 0.001226- (2nY) 2
, - 0.0U5227- (2nY) 3 + 0.000417- (2nY) 4 (15)
) and
i
S &nC, = 1.574 - 0.01197-4nY + 0.03636¢ (2nY) 2
) ~ 0.0041+(2nY) > + 0.0001965¢ (2ny) 4 (16)
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3&% The initial positions of some selected groups are show' c<on-
- ceptually in Figure 2. D; is the particle's diameter in
microns and Y is the yield in kilotons.

Hopkins developed Eq (14) by executing the DELFIC cloud
rise model using the default particle size parameter for
several yields and then calculating the altitude cf each
particle size group at stabilization time. He then empiri-
cally fit the vertical mean for each size. Figure 3 illus-
trates this method.

The vertical distribution for each group at stabiliza-

tion time was assumed to be distributed acrmally with a

standard deviation of

-

i
® g = 0.18 Z; (17

This is the method, used by WSEG-10, to compute vertical
standard deviation; except all particles start at the same
initial altitude in WSEG-10. Even though DELFIC does not :
predict normal distributions for each group the results from

this assumption are very close to DELFIC's (Ref 2).

From the initial position 6f each activity size group, 1

§; each of the 100 particle size distributions were allowed to

§ ‘ ' fall toward the ground until the aircraft intercepted the
cloud. Fall velocities were computeda by the method of

.’;

? McDonald (Ref 15), using Davies' (Ref 5) polynomials with a

% U.S. standard atmosphere divided into a group of layers of

i constant density and viscosity. The distance a particle
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falls in six minutes was selected as the layer thickness.
This time was selected by running the fall dynamics section
of this study's computer code and computing fall velocities
for particles from 1/2 to 1800 microns in radius at altitudes
ranging from 1000 to 10,000 meters. Particles of less than
100 microns in radius fell, in six minutes, from slightly
over 100 meters to much less than 100 meters, depending on
the altitude. For example, a 62.5 micron radius particle at
8000 mefers altitude fell at the rate of 1.02 meters per
second and a 1000 micron radius particle, at the same alti-
tude, fell at the rate of 16.9 meters per second.

McDonald showed that the Reynold's number squared times
the drag coefficient, C3, of spheres falling through a viscous
medium is a function of particle radius, r;, air density,

Pair: and dynamic viscosity, n. This equates to

2

R2Cq = 32+0qyrPpare" 9 5t (18

where Ppart is the particle density taken as 2600 %% and g
is the gravitational constant. Davies showed that the

Reynolds number could be found by the following equations

R = P2Ccy/24 - 2.3363 x 10-4-(R%4)2 + 2.0154 x 107°

¢ (R%c4)3 - 5.9105 x 1079 (R2cq) 4

for chd<14°

and
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log(R) = -1.29536 + 0.986°10g(R°C4) - 0.046677

+ [log(R2Ccg) 1% + 0.0011235- [log(R2cg) 13
for 3<R<10,000 (19) |

The local velocity is found from

v. = — R0
1 r

(20)
20air Fj

Finally, by taking the velocity of the particle times the
fall time of each increment the distribution center of each
group can be found by
z.(t) =zl - jgl vi atd (21)

where Z,; (t) is the distcibution center at time t of particle
size group i, Zsiis the distribution center at cloud stabili-
zation, Vi is the velocity of particle size group i during
one increment and t is the fall time for that increment.

The activity density for a single burst measured at the
aircraft's altitude, Z

a’ is

100
A (XY, Z,0) = Elx ) E(y, ) 1 O-ALL
1= m
Z

BRI

- - 2
e %<E;;§> (22)
@ z
o
3 where A(t) = A%
N 100
g o and A* = 530 x 106:3.7 x 101%.yLD-Fr
AT SE
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YLD is the weapon's yield in kilotons and FF is the fission
fraction. This activity is the unit time reference activity
in disintegrations per second. Therefore, the Way-Wigner
decay law must be used to obtain real time activity. Eq (22)
is the activity per cubic meter.

Cabin dose, due to ingestioﬁ of radioactive particles,
and sky;shiné dose will be'covered in Chapter III. Multiple

bursts will be covered in Chapter 1IV.

20
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e III. Cabin Analysis

The parameters used in this study are for an EC-135, an

Airborne Command Post aircraft. These parameters would be

the same for a KC-~135, a refueling aircraft. The EC-135
cruises at 231.5 m/sec and has a skin thickness of 0.063
inches (Ref 17). The EC-135 also has an internal volume of
246.357 cubic meters (Ref 14) and a mass flow rate of outside
air into its air conditioning/pressurization system of approx-
imately 150 lbm/min (Ref 13). The aircrew will be exposed to
radiation, from both cabin ingested particles and from ex-

ternal radiation at the aircraft's altitude.

Ground-Shine

‘.’ Ground-shine, cloud radioactivity that has fallen to
the ground, was shown by Hickman (Ref 10) to be insignificant.
Thig is true pnly if the aircraff is flying a few gamma-ray
mean free pafhs (mfp) above the ground. A one MeV gamma-ray
has a mfp of approximately 120 meters at sea level (Ref 6).
Hickman found the dose rate to an aircraft flying at 305
meters above the ground and through the cloud to be equal to
the ground activity times 1 x 1011, The author re-calculated
Hickman's equations and found the values to be correct.

Therefore, ground-shine will be omitted in the final analysis.

Sky-Shine

Approximately 6 minutes after a nuclear ground burst

21
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the radioactive cloud stabilizes. The emission of gamma
radiation, from the fission products in this cloud, is the
only radiation source addressed in this study.. An airborne
aircraft will be expnseé to this radiation at cioud stabili-
zation time. As the aircraft [lies tuward the cloud the
radiation will increase to a maximum at the horizontal center
of the cloud and will then slowly decrease as the aircraft
flies away from the cloud. Tﬁeré are twc major assumptions
made fof this model: |

l. The mean free path of the gamma radiation is less
than 0.1 ox.

2. The aircréft is more than 3 oy away from ground zero
at t plus 6 minutes.
‘u. These assumptions will be discussed in greater detail later
in the text.

The reason for the first assumption can be explained as
follows. Consider the normalized horizontal distribution

function, f(x,t). This function can be rewritten as

I e~%<VAC.t§_VAC.t>2 [?nl'] (23)
. V21 oy X
§§ where VAC is the velocity of the aircraft. This function is
%i now integrated with respect to time from minus to plus infin-

-
M
.

ity. After completing this integration one obtains

.
V.

"
»

2 9 & &
i

he Fx, t) = =1 H (24)
VAC |m
- 22
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If the mfp of the one MeV gamma-ray is greater than 0.1 oy
the f(x,%t) function could not be modeled as a true normal
distribution function. It follows that as the gamma mfp
increases the f(x,t) curve would vary and would then be in-
creasingly divergent from a true normal distribution. This
model would then be inaccurate and Eq (24) could not be used.
By only using this model for a gamma mfp of les- than 0.1 0,
the inaccuracy associated with this model can be greatly
reduced. The author calculated only a 1 to 2% variation in
activity per meter when the mfp was kept below this limit.
It can also be noted that the only altitudes affected, for a
one MeV gamma-ray. by the above condition are those greater
than 11,000 meters. The computer code outputs an error mes-
sage when the mfp is more than 0.1 oy.

The second assumption allows the f(x,t) function to be
integrated in time from plus to minus infinity with very
little error. The true integration time would be from approx-
imately t+6 minutes to tz plus mission time remaining. The
minimum arrival time used in this study was 30 minutes. This
time would be equa’ to approximately 80 o,. The integration
times used can be compared to the true integration times to
determine the error associated with the integration used.

Consider the integral

VAC (tg-t~) |2
O e L e Y
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where t, = 1/2 hour to 8 hours. The maximum value Eq (25)
has would be at ty = 1/2 hour and this is almost infinitesi-
mal. The contribution from t° = t,+8 hours to plus infinity
is also proportionally small. Figure 4 shows that when the
aircraft is more than a few gamma mfp's from the cloud the
exponential attenuation of the radiation, by the air, would
significantly reduce the radiation received. Spherical di-
vergence also decreases the radiation received by the air-
craft. Only when the aircraft is within a few gamma mfp's
is the radiation significant.

The sky-shine dose rate is calculated by the use of

spherical integrétion, namely

. 2T M s —HtS, .2
D=aAa'""(xy, 2.¢t)) /S L} EL_:i_Ji_ sin¢dbdeds (26)
0O o0 P 4ms?

where %? is the tissue absorption coefficient, He is the
attenuation coefficient of air and s is the radius of the
cloud. Equation (26) assumes that A'''(x,y.z,t) does not
vary as the differential volume elements are integrated away

from the aircraft's location. After integrating Eq (26) one

obtains

= —110 e .___.Ua —Uts
b=1.6 x 10 A (Y. 2, t) *ype oiy (1-e ) (27)

where VAC is the aircraft's velocity and 1.6 x 10'll is a
conversicn factor to rad-tissue/hr. By letting s approach

infinity the exponential term in Eq (27) approaches 1. Eq

24
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R (27) is the unit time reference dose rate and must be con-

verted to real time by the Way-Wigner decay law.

A shielding model is developed in order to attenuate

the sky-shine dose which is transmitted through the aircraft's

skin. The cabin area was modeled as a right circular cylinder.

The ends of the cylinder were then considered to be infinite

shields. This was done to take into account the additional

shielding supplied by the equipment and frame surrounding

~he cabin area. The percent transmitted through the lateral

area of the cylinder is then approximately 92 percent. The

1 MeV gamma~rays were further attenuated by the factor e HtX

where u, is the attenuation coefficient for aluminum (Ref 12)

and.x is the skin thickness. This reduced the transmitted
_1l’ A gamma-ray energy by an additional 2 percent. Therefore, an
attenuation facttr of 0.9 was taken times the sky-shine dose.
Sky-shine doses are shown in Tables II through X. It can be
seen from these Tables that the dose is much more significart
at early times and higher altitudes. This is due to the fall
of the particles and the decreased attenuation of the gamma
radiation at higher altitudes. Also note from Eq (27) that

as the aircraft's velocity increases the dose would decrease.

Cabin Ingestion

The aircraft is assumed to fly completely through the

cloud in the x direction sweeping out the activity at a con-

hy stant altitude. There is no variation in the y direction as

F i)

s

PNEXE
-

N
0
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- the aircraft flies along the y centerline. Therefore, since

all of the activity is swept out in the x direction the func-
tion f£(x,t), which is a normal function, can also be inte-
grated, as was done for the sky-shine dose, from minus to
plus infinity. Therefore, f(x.t) = 1/VAC for the cabin in-

gestion dose computations too. Eq (3) then reduces to

e - £( . ta) ® - C
A (yo,za,ta) = _.z_gF_ﬂ_ fo Ar(za,r,ta)dr[;‘%] (28)

This is illustrated in Figure 5.

The cabin air enters through the fifth stage of the
engine zir compressor (Ref 19) producing a constant mass
flow rate into the cabin of 68.2 kg/min, as noted previously.
The mass flow rate is conctant at all aircraft velocities

and altitudes used in this analysis (Ref 14). The inlet

area is
—_—
Inlet Area = VaCoo;p (29)
where Pair is the air density at the aircraft's altitude.

The total activity ingested into the cabin, as the aircraft

traverses the cloud, is Eq (28) times Eq (29). The nominal

gamma-ray energy is assumed to be 1 MeV (Ref 6). Note from

Eq (19) that the activity will decrease as velocity increases.
The flow through the cabin could not be exactly modeled

due to the complex behavior of the particles after they enter

the cabin. The mean residence time of a particle was computed

to he approximately 5 minutes. This would be true only if
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the particles flowed smoothly through the cabin. This is

*y “a

0

not true because of the complexity of the cabin's interior.
It is assumed that all of the particles are equally distri-
buted in the cabin from aircraft arrival to mission comple-
tion time. The cabin activity density would then be the
total activity in the cabin divided by the cabin's volume.
The feasibility of filtering the radiocactive, dust
particles was examined. This was determined to be infeasible
Gdue to the size variation of the particles involved (Ref 8).
These particles are from 1/2 to 1800 microns in radius.
Filtering of these par® cles would be unlikely, since many
filters of various sizes would need to be placed in tandem to

filter out even a fraction of the ingested particles. These

P

filters would need to be changed almost continuously when
flying through the cloud (Ref 1l1l). Also, damage to the air-
craft, caused by the larger particles, may be a greater haz-
ard than the radiation threat. This would be especially true
at lower altitudes. This suggests that flying at lower alti-
tudes, in order to reduce crew dose, may not be the best

action taken.

S IR S 8 P ST AT s 84 G AL i AT E L L. 2 FEATAC 51 A A I A A . h.,',a'.'- EELRRRRAN ¢ '.a;.-*'f.'ﬂ

To obtain cabin dose rates, the cabin's volume is mod-

Tt TeTe"

eled as a right circular cylinder. It is assumed that self-

! shielding would be zero and that none of the radioactive

LY P2 Y

particles, which entered the cabin, would be exhausted out
of the cabin during the remainder of the aircraft's mission.

Neither of these assumptions are true. It would take a very

s & ——
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éS\ detailed analysis of the cabin interior to obtain correct

-8

shielding and flow rate parameters. The dose rate at the

center of the cabin, due to the suspended dust particles,

is then
. 16.027 2.212 2n _ 2.,k :
D=2/ N [ aYa.e e (0+2€) rdodrdz (30)

0 0 0 P 4n(r2+22?)

where r is the radius of the cylinder, z is one-half the
height and A is the activity of the ingested particles at
one hour. Due to the complexity of Eq (30) a numerical in-
tegration, using Simpsons approximation, was performed. The

~equation, after the numerical integration, is

D = 3.00 A%? (31)

Figure 6 shows the cabin activity for a 1 Mt burst at
altitudes ranging from S00 to 12,000 meters and at arrival
times of 1/2 to 8 hours. Note that the activity decreases ‘
as the aircraft's altitude decreases and for later arrival
times. This suggests that the aircraft's altitude could be
decreased to decfease the dose received by an aircrew member.

Tables II through X show the cabin dose results from a 1 Mt

burst at varying arrival times and altitudes.
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TABLE II

Single Burst Dose Summary for

a 1Mt Burst, TA= 0.5 Hrs, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 10.455 23.737 34.192 52.7
11,500 9.071 20.595 29.666 62.5
11,000 7.690 17.458 25.148 71.3
10,500 6.474 14.698 21.172 81.4
10,000 5.364 12.178 17.542 93.5
9500 4.394 9.976 14.370 103.0
9000 3.578 8.124 11.702 113.0
8500 2.910 6.607 9.517 126.0
@ 8000 2.378 5.400 7.778 132.0
7500 1.958 4.444 6.402 148.0
7000 1.627 3.694 5.321 156.0
6500 1.368 3.106 4.474 166.0
6000 1.141 2.590 3.731 176.0
¥ 5500 0.982 2.230 3.212 188.0
k 5000 0.857 1.546 2.803 201.0
B 4500 0.753 . 1.709 2.462 215.0
"] 4000  0.666 1.517 2.183 231.0
) 3500 0.591 1.342 1.933 249.0
5 3000 0.526 1.195 1.721 270.0
3 2500 0.468 1.062 1.530 270.0
3 2000 0.416 0.943 1.359  294.0 ;
g 1500 0.368 0.837 1.205 323.0 ?
3 1000 0.325 0.737 1.062  323.0 |
E§ 500 0.285 0.648 0.933 357.0 |
S
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i§9 TABLE III
Single Burst Dose Summary for
a IMt Burst, TA= 1.0 Hrs, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 5.062 6.990 12.052  34.7
11,500 4.427 6.113 10.540 41.0
11,000 3.789 5.233 9.022 46.5
10,500 3.226 4.455 7.681 52.7
10,000 2.710 3.742 6.452 57.3
9500 2.257 3.117 5.374 62.5
9000 1.874 2.587 4.461 68.2
8500 1.558 2.152 3.710 74.5
Q 8000 1.303 1.799 3.102 77.7
7500 1.100 1.519 2.619 85.2
7000 0.938 1.295 2.233 89.2
6500 0.808 . 1.116 1.924 98.0
6000 0.693 0.958 1.651 103.0
5500 © 0.609 0.842 1.451 108.0
£000 0.540 n.745 1.285° 113.0
4500 0.481 0.665 1.146 119.0
4000 0.431 0.595 1.026 126.0
4 3500 0.387 0.534 0.921 132.0
5 3000 0.348 0.480 0.828 140.0
4 2500 0.314 0.434 0.748 148.0
2000 0.284 0.392 0.676 156.0
5 1500 0.257 0.356 0.613 166.0
i 1000 0.234 ¢.323 0.557 166.0
ﬁ 500 0.213 0.294 0.507 176.0
b 33
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TABLE 1V

Single Burst Dose Summary for

----------

a 1Mt Burst, TA= 2.0 Hrs, TR= 8.0 Hrs

—

. - e
...............

......
.......
~~~~~~~~~~~~

.....

Altitude Cabin Dose Sky-Shine Total Prominent

Dose Dose Particle

(meters) (rem) (rem) (rem) (microns)
12,000 1.966 1.754 3.720 24.6
11,500 1.731 1.544 3.275 28.0
11,000 1.491 1.330 2.821 31.9
10,500 1.278 1.140 2.418 34.7
10,000 1.082 1.082 2.164 37.7
9500 0.908 0.810 1.718 41.0
9000 0.760 0.678 1.438 44.6
8500 0.637 0.568 1.205 46.5
8000 0.538 0.480 1.018 50.5
7500 0.458 0.409 0.867 52.7
7000 0.395 0.352 0.747 55.0
6500 0.345 0.308 0.653 57.3
6000 0.301 0.268 0.569 62.5
5500 0.268 0.239 0.507 65.3
5000 0.241 0.215 0.456 68.2
4500 0.219 0.195 0.414 71.3
4000 0.199 0.177 0.376 74.5%5
3500 0.182 0.162 0.344 77.7
3000 0.166 0.148 0.314 81.4
2500 ‘0.152 0.136 0.288 85.2
2000 0.140 0.125 0.265 89.2
1500 0.128 0.115 0.243 93.5
1000 0.118 0.105 0.223 93.5
500 0.109 0.097 0.206 98.0
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TABLE V

Single Burst Dose Summary {for
a 1Mt Burst, TA= 3.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 1.019 0.729 1.748 19.5
11,500 0.900 0.644 1.544 22.5
11,000 0.779 0.557 1.336 24.6
10,500 0.670 0.480 1.150 28.0
10, 000 0.570 0.407 0.977 30.5
9500 0.480 0.343 0.823 31.9
9000 0.404 0.289 0.693 34.7
8500 0.340 0.243 0.583 36.2
8000 0.288 0.206 0.494 39.3
e 7500 0.246 0.176 0.422 41.0
7000 0.212 0.152 0.364 42.8
6500 0.185 0.132 0.317 44.6
6000 0.161 0.115 0.276 48.4
5500 . 0.144 0.103 . 0.247 50.5
: 5000 0.129 0.093 0.222 52.7
H 4500 0.117 0.084 0.201 55.0
!& 4000 0.107 0.077 0.184 55.0
E 3500 0.098 0.072 0.170 57.3
% 3000 0.090 0.065 0.155 59.8
‘;J 2500 0.083 0.060 0.143 62.5
A 2000 0.077 0.055 0.132 65.3
i 1500 0.072 0.051 0.123 68.2
N 1000 0.066 0.047 0.113 71.3
I 500 0.062 0.044 0.106 74.5
<
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Single Burst Dose Sumiary for
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a 1Mt Burst, TA= 4.0 Hrs, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem)x10-1 (rem) x10~2 (rem) (microns)
12,000 6.332 39.407 1.027 17.0
11,500 5.609 34.904 0.910 19.5
11,000 4.863 30.262 0.789 21.5
10,500 4.200 26.136 0.681 23.5
10,000 3.580 22.279 0.581 25.7
9500 3.027 18.836 0.491 28.0
9000 2.551 15.876 0.414 29.3
8500 2.153 13.398 0.349 30.5
8000 1.828 11.376 0.297 33.2
7500 1.565 9.743 0.254 34.7
7000 1.354 8.428 0.220 36.2
6500 1.183 7.363 0.192 37.7
6000 1.034 6.437 0.168 39.3
5500 0.921 5.729 0.149 41.0
5000 G.827 5.147 0.134 42.8
4500 0.749 4.663 0.121 44.6
4000 0.682 4.245 0.111 46.5
A 3500 0.623 3.880 0.101 48.4
. 3000 0.573 3.565 0.096 50.5
: 2500 0.528 3.287 0.086 52.7
: 2000 0. 489 3.041 0.079 52,7
! 1500 0.454 ©2.823 0.074 55.0
] 1000 0.423 2.630 0.069 57.3
! 500 0.394 2.450 0.064 59.8
y
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S\ TABLE VII

Single Burst Dose Summary for
a 1Mt Burst, TA= 5.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total  Prominent

Dose Dose Particle

(meters) (rem)xlO"1 (rem)xlO"2 (rem) (microns)
12,000 42,252 23.854 0.661 15.4
11,500 - 37.509 21.176 0.587 17.0
11,000 32.603 18.407 0.511 19.5
10,500 28.221 15.933 0.441 21.5
10,000 24.110 13.611 0.377 22.5
9500 20.419 11.528 0.319 24.6
9000 17.245 9.736 0.270 25.7
8500 14.586 8.235 0.228 28.0
8000 12.40€ 7.004 0.194 29.3
‘!’ 7500 10.635 6.004 0.166 30.5
7000 9.215 5.203 0.144 31.9
6500 8.067 4.555 0.126 33.2
6000 7.059 3.985 0.111 34.7
5500 6.292 3.552 0.098 36.2
- 5000 5.667 3.200 0.089 37.7
: 4500 5.125 2.894 0.080 39.3
1 4000 ' 4.668 2.635 0.073 41.0
i 3500 4.262 2.406 0.067 42.8
ﬁ 3006 3.908 2.206 0.061 44.6
g 2500 3.595 2.030 0.056 44.6
4 2000 3,314 1.871 0.052 46.5
! 1500 3.0/1 1.734 0.048 48.4

1 1000 2.85¢% 1.612 0.045 50.5 ‘
: 500 2.656 1.499 0.042 50.5 |
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TABLE VIII

Single Burst Dose Summary for
a 1Mt Burst, TA= 6.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem)x10~1 (rem)xlO"2 (rem) (microns)
12,000 29.773 15.631 0.454 14.0
11,500 26.483 13.904 0.404 15.4
11,000 23.066 12.110 0.352 17.9
10,500 20.000 10.500 0.305 19.5
10,000 17.119 8.988 0.261 20.5
9500 . 14.531 7.629 0.222 22.5
9000 12.290 6.453 0.187 23.5
8500 10.404 5.462 0.159 24.6
8000 8.858 4.650 0.135 26.8
7500 7.604 3.992 0.116 28.0
7000 6.589 3.459 0.101 29.3
6500 5.774 3.031 0.088 30.5
6000 5.061 2.657 0.077 31.9
5500 4.514 2.370 0.069 33.2
5000 4.065 2.134 0.062 34.7
4500 3.683 1.934 0.056 34.7
4000 3.357 1.763 0.051 36.2
, 3500 3.067 1.610 0.047 37.7
3 3000 2.810 1.475 0.043 39.3
E 2500 2.586 1.358 0.039 41.0
i 2000 2.381 1.250 0.036 42.8
y 1500 2.203 1.157 0.034 42.8
2 1000 2.043 1.073 0.031 44.6
s 500 1.898 0.997 0.029 46.5
;‘3 Xy
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TABLE IX

Single Burst Dose Summary for
a 1lMt Burst, TA= 7.0 Hrs,  TR= 8.0 Hrs

L A
X AR

Altitude Cabin Dose Sky-Shine Total Prominent

iﬁ~ : Dose Dose Particle
? (meters) (rem)xlO‘ln (rem) x10~2 (rem) (microns)
Y
i 12, 000 21.872 10.852 0.327 12.6
2 11,500 19.491 9.671 0.292 14.7
A )1, 000 17.003 8.436 0.254 16.2
o 10,500 14.776 7.331 0.221 17.9
i 10,000 12.670 6.286 0.190 19.5
e 9500 10.772 5.343 0.161 20.5
§§ 9000 9.120 4.525 0.137 21.5
i 8500 7.732 3.837 0.116 23.5

8000 6.588 3.269 0.099 24.6
‘ 7500 5.655 2.806 0.084 25.7
: 7000 4.905 2.434 0.072 26.8
3 6500 4.298 2.133 0.064 28.0
& 6000 3.766 1.869 0.056 29.3
! 5500 3.362 1.668 0.050 30.5
§ 5000 3.028 1.503  0.045 31.9
b 4500 2.749 1.364 0.041 31.9

4000 2.505 1.243 0.037 33.2
é 3500 2.291 1.137 0.034 34.7
h 3000 2.103 1.043 0.031 36.2
N 2500 1.935 6.960 0.029 37.7
i' 2000 1.784 0.885 0.027 37.7
’ 1500 1.648 0.818 0.025 39.3
E 1000 1.528 0.758 0.023 41.0
) 500 1.419 0.704 0.021 41.0

b
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i TABLE X

Single Burst Dose Summary for
a 1Mt Burst, TA= 8.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) x10-1 (rem)x10-2 (rem) (microns)

12,000 16.608 7.875 0.245 11.9

11,500 14.825 7.029 ‘ 0.218 13.3

11,000 12.954 6.142 0.191 15.4

10,500 11.277 5.347 0.166 16.2

10,000 9.687 4.593 0.143 17.9

9500 8.249 3.911 0.122 18.7

‘9000 6.993 3.316 0.103 20.5

8500 5.936 2.814 0.087 21.5

8000 5.061 2.400 0.075 22.5

Q 7500 4,346 2.060 4 0.064 23.5

7900 3.770 1.787 0.055 24.6

0500 3.303 1.566 0.049 25.7

6000 .2.895 1.373 0.043 26.8

5500 2.583 1.225 0.038 28.0

5000 2.326 1.103 0.034 29.3

4500 2.111 1.601 0.031 30.5

4000 1.924 0.912 0.028 30.5

TR00 1.761 0.835 0.026 31.9

3000 1.620 0.768 0.024 33.2

2500 1.490 0.707 0.022 34.7

: 2000 1.377 0.653 0.020 34.7

3 1500 1.272 0.603 0.019 ‘ 36.2

EA 1000 1.180 0.559 0.017 37.7

E 500 1.094 0.519 0.016 37.7

\: Ny
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IV. Multiple Bursts

~

The computer code was initially developed to handle
only a single bprst. It was then extended to compute doses
caused by multiple bursts. The methods of Hickman (Ref 10)
and Crandley (Ref 4) were used to develop this extension.

A field of 150 km by 150 km with 300 bursts spaced pro-
portionally on the field is used in this study. These values
can easily be changed. The individual clouds are assumed to
overlap each other. This is true when o,>L/nx and oy>w/ny.
Where ny-ny=N, the number of bursts, L=field length and
W=field width. Figure 7 illustrates this concept. A calcu-
lation is made at.arrival time to insure that o,>L/nx and

cy>w/ny. The activity density of the cloud is

A'''(x,y,2,t) = 530 x 3.7 x 1016 . yip - FF -

(32)
£lx,tg) * £ly.tg) * £lz,ty) [dgs]
L m3
Crandley calculated f£(y,t) as
+75 _ N
fly,tg) =¥300 7° 1 o5 yoyo\ ay- (33)
150 _75 V2w cy(ta) cy(ta)

which is the sum of the overlapped Gaussian distributions.
The f£(x,t) function is found by thé same method.

Bridgman and Hickman integrated Eq (33), along with its
X direction counterpart, and obtained the activity density

at the ¢loud center at time of arrival as

41
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‘} A'! (XO'YO' za. ta) = _V—ﬂf Az(za,ta) [;5] (34)
They also found the activity per area to be
A'' (ygr25.ty) = % Az(zg,.ty) [-C-%] (35)
m

This provides a burst amplification factor for cabin dose of
N/L°2woy(ta). This result is used to compute the multiburst
cakin dose in this study.

An amplification factor for sky-shine dose is found in
a similar manner. The activity density for a single burst
is equated to the activity density, Eq(33), for a multiple
burst. A burst amplification factor of N/WL<f(x,tgy)+f(y,ty)
‘ﬂ' was then calculated. The sky-shine dose is then computed for
a worst case dose by integrating for the time it took the
aircraft to fly‘err 3 times the standard deviation.of the
cloud. The aircraft would experience the activity density at
cloud center during this time.

The results for the multiple burst case are summarized

in Tables XI through XIX. Figure 8 is the cabin activity

N versus altitude, for arrival times of 1/2 to 8 hours, for the
N
Eﬁ multiple burst case.
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Figure 8. Cloud Activity vs Altitude for a Multiple Burst
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£ TABLE XI
Multiple Burst Dose Summary for
300 One-Mt Bursts, TA= 0.5 Hrs, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 301.969 677.4177 979.446 52.7
11, 500 261.995 587.795 349.790 62.5
11,000 222.084 498.254 720.338 71.3
10, 500 186.977 419.489 606.466 8l1.4
10, 000 154.922 347.573 502.495 93.5
9500 126.904 284.713 411.617 103.0
9000 103.351 231.872 335.223 113.0
8500 84.054 188.578 272.632 126.0
8000 68.689 154.106 222.800 137.0
.‘I' 7500 56.537 128.843 185.380 148.0
R 7000 46.997 105.438 152.435 156.0
k. 6500 .39.514 88.650 128.164 166.0
E 6000 32.943 73.910 106.853 176.0
b 5500 28.374 63.658 92.032 188.0
i 5000 24.750 55.528 80.278 '201.0
N 4500 21.747 48.790 20.537 215.0
q 4000 19.233 43.149 62.382 231.0
! 3500 17.068 38.292 55.360 249.0
" 3000 15.196 34.094 49.290 270.0
n 2500 13.513 30.316 43.829 270.0
; 2000 12.003 26.928 38.931 294.0
. 1500 10.644 23.879 34.523 323.0
S 1000 9.382 21.049 30.431 323.0
N 500 8.243 18.494 26.737 357.0
; 45
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o TABLE XII

Multiple Burst Dose Summary for

300 One-Mt Bursts, TA= 1.0 Hr, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 186.074 272.788 458.862 34.7
11,500 162.732 238.568 401.300 41.0
11,000 139.292 204,205 343.497 46.5
10,500 118.594 173.861 292.455 52.7
10,000 99.620 146.046 245.666 57.3
9500 82.968 121.633 204.601 62.5
9000 68.875 100.973 169.848 68.2
8500 57.275 83.967 141.242 74.5
8000 47.893 70.212 118.105 77.7
‘!' 7500 40.426 59.266 99.692 85.2
7000 34.481 50.550 85.031 89.2°
6500 29.707 43.551 73.258 98.0
6000 25.493 37.374 62.867 103.0
5500 22.403 32.843 55.246 108.0
5000 19.841 29.088 48.929 113.0
4500 17.696 25.943 43.639 119.0
4000 15.834 23.213 39.047 126.0
q 3500 14.220 20.846 35.066 132.0
i 3000 12.788 18.748 31.536 140.0
i 2500 11.549 16.931 28.480 148.0
< 2000 10.439 15.304 25.743 156.0
" 1500 9.465 13.875 23.340 166.0
E. 1000 8.588 12.590 21.178 166.0
§ 500 7.833 11.483 19.316 176.0
vy .
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TABLE XIII

Multiple Burst Dose Summary for
300 One-Mt Bursts, TA= 2.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky--Shine Total Prominent
Dose Dose Particle
(meters) . {(rem) (rem) (rem) (microns)
12,000 105.868 106.006 211.874 24.6
11,500 93.170 93.291 186.461 28.0
11,000 80.252 80.357 160.609 31.9
10,500 68.817 68.907 137.724 34.7
10,000 58.231 58.306 ~ 116.537 37.7
9500 48.867 48.932 97.799 41.0
9000 40.892 40.945 81.837 44.6
8500 34.292 34.337 68.629 46.5
8000 28.947 28.987 57.934 50.5
, 7500 24.663 24.695 49.358 52.7
7000 21.269 21.257 42.566 55.0
6500 18.565 18.589 37.154 57.3
6000 16.189 16.210 32.399 62.5
5500 14.421 14.440 - 28.861 65.3
5000 - 12.997 13.014 26.011 68.2
4500 11.778 11.794 23.572 71.3
4000 10.712 10.726 21.438 74.5
3500 9.777 9.790 19.567 '77.1
3000 8.949 8.961 17.910 81.4
2500 8.198 8.209 16.407 85.2
2000 7.527 7.536 15.063 89.2 ’
" 1500 6.919 6.928 13.847 93.5
J 1000 6.369 6.377 12.746 93.5
4 500 5.867 5.875 11.742 98.0
s
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f n TABLE XIV
! Muitiple Burst Dose Summary for
:,’ 300 One-Mt Bursts, TA= 3.0 Hrs, TR= 8.0 Hrs
:
! Altitude Cabin Dose Sky-Shine Total Prominent
. Dose Dose Particle
4 (meters) (rem) (rem) (rem) (microns)
' 12,000 73.004 60.474 133.478 19.5
11,500 64.489 53.420 117.509 22.5
11,000 55.771 46.199 101.970 24.6
10,500 48.028 39.784 87.812 28.0
10, 000 40.806 33.802 74.608 30.5
: 9500 34.398 28.494  62.892 31.9
: 9000 28.906 23.945 52.851 34.7
) 8500 24.333 20.157 44.490 36.2
i 8000 20.603 17.067 37.670 39.3
; !!b 7500 17.599 14.578 32.177 41.0
g 7000 15.183 12.577 27.760 42.8
. 6500 13.254 10.979 24.233 44.6
g 6000  11.561 9.577 21.138 48.4
! 5500 10.298 8.531 18.829 50.5
i 5000 9.269 7.678 16.947 52.7
3 4500 8.415 6.971 15.386 55.0
i 4000 7.679 6.361 14.040 55.0
- 3500 7.031 5.824 12.855 57.3
§ 3000 6.474 5.363 11.837 59.8
% 2500 5.983 4.956 10.939 62.5
{ 2000 5.532 4.583 10.115 65.3
! 1500 5.128 4.248 9.376 68.2
E 1000 4.759 3.943 8.702 71.3
! 500 4.422 3.663 8.085 74.5
e
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TABLE XV

Multiple Burst Dose Summary for
300 One-Mt Bursts, TA= 4.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 54.933 39.780 94.713 17.0
11, 500 48.656 35.235 83.891 19.5
11,00 42.184 30.548 72.732 21.5
10,500 36.432 26.383 62.815 23.5
10,000 31.056 22.489 53.545 25.7
9500 26.257 19.015 45.272 28.0
9000 22.131 16.027 38.158 29.3
8500 18.677 13.525 32.202 30.5
8000 15.858 11.484  27.342 33.2
7500 13.581 9.835 23.416 34.7
7000 11.749 8.508 20.257 36.2
6500 10.264 7.433 17.697 37.7
6000 8.973 6.498 15.472 39.3
5500 7.986 5.783 13.679 41.0
5000 7.175 5.196 12.371 42.8
4500 6.501 4.708 11.209 44.6
4000 5.917 4.285 10.202 46.5
3500 5.408 3.916 9.324 48.4
. 3000 . 4.969 3.598 8.567 50.5
! 2500 4.582 3.318 7.900 52.7
/ 2000 © 4.240 3.070 7.310 52.7
! 1500 3.935 2.850 6.785 1 55.0
? 1000 3.666 2.654 6.320 57.3
§ 500 3.415 2.473 5.888 59.8
L PR
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TABLE (VI

Multiple Burst Dose Summary for
300 One-Mt Bursts, TA= 5.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent
Dose Dose Particle
(meters) (rem) (rem) (rem) (microns)
12,000 43,513 28.668 72.181 15.4
11,500 38.627 25.449 64.076 17.0
11,000 33.576 22.121 55.697 19.5
10,500 29.063 19.148 48.211 21.5
10,000 24.829 16.358 41.187 22.5
9500 21.028 13.854 34.882 24.6
9000 17.759 11.700 29.459 25.7
- 8500 15.021 9.896 24.917 28.0
8000 12.776 8.417 21.193 29.3
® 7500 10.952 7.216 18.168 30.5
7000 9.490 6.252 15.742 31.9
6500- 8.309 5.474 13.783 33.2
6000 7.269 4.789 12.058 34,7
5500 6.480 4.269 10.749 36.2
5000 5.837 3.845 9.662 37.7
4500 5.278 3.478 8.756 39.3 |
4000 4.807 3.167 7.974 41.9 g
3500 4.389 2.892 7.281 42.8 |
3000 4.025 2.652 6.677 44.6 |
2500 3.703 2.439 6.142 44.¢
2000 3.413 2.248 5.661 46.5
1500 3.163 2.084 5.247 48.4
1000 2.940 1.937 4.877 50.5 f
500 2.735 1.802 4.537 50.5 ;
e j
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C::E\‘ TABLE XVII
Multiple Burst Dose Summary for
300 One-Mt Bursts, TA= 6.0 Hrs, TR= 8.0 Hrs
Altitude Cabin Dose Sky-Shine Total Prominent
. Dose Dose Particle
§ : (meters) (rem) {rem) (rem) (microns)
12,000 35.690° 21.909 57.599 14.0
11,500 31.746 19.488 51.234 15.4
11,000 27.650 16.973 44,623 17.9
3_ 10,500 23.974 14.717 38.691 19.5
10,000 20.521 12.597 33.118 20.5
9500 17.418 10.692 28.110 22.5
9000 14.733 9.044 23.777 23.5
g 8500 12.471 7.656 20.127 24.6
8000 16.618 6.518 17.136 26.8
® 7500 9.115 5.595 14.710 . --2850
‘ 7000 7.899 4.849 12.748 29.3
! 6500 6.921 4.249 11.170 30.5
| 6000 6.066 3.724 9.790 31.9
B 5500 5.411 3.322 8.733 33.2
| 5000 4.873 2.991 7.864 34.7
% 4500 4.415 2.710 7.125 34,7
‘ 4000 4.025 2.47) 6.496 36.2
3500 3.£76 2.257 5.993 37.7
3000 3.368 2.067 5.435 39.3
2500 3.100 1.903 5.002 41.0
2000 2.854 1.752 4,606 42.8
1500 2.641 1.621 4,262 42.8
1000 2.449 1.504 3.953 44.6
500 2.276 1.397 3.673 46.5
' 51
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Multiple Burst Dose Summary for
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300 One-Mt Bursts, TA= 7.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent

. Dose Dose Particle

(meters) (rem) (rem) (rem) (microns)
12,000 30.004 17.431 47.435 12.6
11,500 26.738 15.533 42.271 14.7
11,000 23.325 ~13.550 36.875 16.2
10,500 20.269 11.775 32.044 17.9
10, 000 17.381 10.097 27.478 19.5
9500 14.777 8.854 23.631 20.5
9000.—"  12.510 7.268 19.778 21.5
8500 10.607 6.162 16.229 23.5
8000 9.038 . 5.250 14.288 24.6
L 7500 7.757 4.506 12.263 25.7
7000 6.728 3.909 10.637 26.8
6500 5.896 3.425 9.321 28.0
6000 5.167 3.002 . 8.169 29.3
5500 4.612 2.679 7.291 30.5
5000 4.154 2.413 6.567 31.9
4500° 3.771 2.190 5.961 31.9
4000 3.436 1.996 5.432 33.2
3500 3.142 1.825 4.967 34.7
3000 2.884 1.676 4.560 36.2
2500 2.654 1.542 4.196 37.7
2000 2.447 1.422 3.869 37.7
1500 2.261 1.313 3.574 39.3
1000 2.096 1.217 3.313 41.0
500 1.946 1.131 3.077 41.0
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TABLE XIX

Multiple Burst Dose Summary for

.........

300 One-Mt Bursts, TA= 8.0 Hrs, TR= 8.0 Hrs

Altitude Cabin Dose Sky-Shine Total Prominent

_ Dose Dose Particle

(meters) (rem) (rem) (rem) (microns)
12,000 25.702 14.284 39.986 11.9
11,500 22.943 12.750 35.693 13.3
11,000 20.048 11.142 31.190 15.4
10,500 17.453 9.699 27,152 16.2
10,000 14.992 8.331 23.323 17.9
9500 12.766 7.095 19.861 18.7
9000 10.823 6.014 16.837 20.5
8500 9.186 5.105 14.291 21.5
8000 7.833 4.353 12.186 22.5
7500 6.725 3.738 10.463 23.5
7000 5.834 3.242 9.076 24.6
6500 5.112 2.841 7.953 25.7
6000 4.48]1 2.490 6.971 26.8
5500 3.997 2.221 6.218 28.0
5000 3.600 2.001 5.601 29.3
4500 3.267 1.816 5.083 30.5
4000 2.978 1.655 4.633 30.5
3500 2.725 1.514 4.239 31.9
3000 2.507 1.393 3.900 33.2
2500 2.306 1.282 3.588 34.7
2000 2.131 1.184 3.315 34.7
1500 1.968 1.094 3.062 36.2
1000 1.825 1.014 2.839 37.7
500 1.693 0.941 2.634 37.7
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V. Conclusions and Recommendations

Conclusions

The results obtained in this study show a decrease in
dose received of 20 to 40 percent for sky-shine dose as
compared~to Hickman's wors; case analysis for a single burst.
For the sky-shine dose, integrating the f(x,t) function from
minus to plus infinity, instead of using Hickman's worst case
approximation, reduces the dose received significantly. Also,
the 10X shielding approximation contributes to this dose
reduction. The cabin ingestion dose results for a single
burst approximate Hickman's results. The reason the cabin
ingestion doses are ciose is because Hickman's approximation
swept out approximately 96% of the particles; while this
study's analysis swept out all of the particles. This still
amounts to a significant dose for a multiple burst scenario.
The dose received is larger at earlier arrival times and
higher altitudes. The dose received by the aircrew is directly
dependent on arrival time, aircraft altitude and aircraft
velocity. Longer mission times, aftér cloud penetration,
and more bursts, in the multiple burst approach,'would pro-
portioﬁally increase the dose each crew member receives.

The feasibility of filtering radioactive particles before
they are able to enter the cabin was previously discussed.

It was mentiored that the filtering of these particles was |

infeasible. Verbal information concerning partial filtering
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Gﬁi | was received by the author (Ref 19). The data supporting
: this has not been received at the time of this analysis.

A shielding factor was incorporated for the sky-shine
dose. This factor, although not exact, is most likely less
than the true shielding factor. This is because only the
lateral surface area surrounding the crew was shielded by
the skin thickness. Shielding of the end areas was assumed
to be infinite. This is a trivial assumption since the end
areas contain less fhan 8 percent of the total area.

Attenuation of the radiation by air at varying distances
from the cloud was also incorporated into this model. There-

fore, this is not a worst case approach to the sky-shine dose.

The assumptions made for this model were detailed in the sky-
‘!’ shine section of this report. It was shown for the arrival

times and altitudes used that the sky-shine doses received

AT -

are very accurate.

Recommendations

There are four recommendations to be made. First, a

single westerly wind was used in this analysis. A very

various latitudes, longitudes and altitudes for the qontinental
VUnited States could be made. These changes could then be

included in a revised computer code. Although, this is a

¥
! detailed analysis incorporating nominal wind patterns for
!

major change and a very difficult one it would give wartime
planners a more accurate picture of the radiocactive cloud's

N distribution as a function of its position. Secondly, a
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more detailed analysis of the cabin's interior shielding and

v
2
Pl
[

flow rate parameters could be made to predict a more accurate
cabin dose. Due to the complicated nature of the cabin's
interior, an interior cabin simulator would probably be needed
to accomplish this. Flow rate parameters, size and percent
of particles settling out and rate and size of particles ex-
hausted could then be found empirically. Thirdly, a detailed
-analysis of the materials and their respective thicknesses
surrounding the crew would.need to be done to obtain a true
shiéldihg factor for the sky-shine radiation. Fourth, there
is a data source-that could be used to bypass the assumptioh
that all the gamma-rays have an energy of 1 MeV (Ref 6).
Therefore, dependihg on the time elapsed after the burst, a
more accurate gamma-ray enerqgy could be used. This would
cause the parameters which are dependent on gamma-ray energy.,
such as tissue absorption and attenuation coefficients, to

change with time.
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Appendix A

LoEDY L.

Glossary of FORTRAN Terms
FF = Fission fraction 5
. 3
YLD = Yield in kilotons 3
ACR = Aircraft range to cloud §

VAC = True airspeed
ACA = Aircraft altitude in meters
TR = Mission time remaining

R = particle radii

TA

Arrival time
VOL = Cabin volume

HR = Arrival time in hours

b W = Mass flow rate
BC = Cloud center height
Cl = Intercept for initial particlé height equation
C2 = Slope for initiai particle height equation

AMAX =.c10ud activity

f
| RP = Particle density
}
!

PG = Sea level air pressure

3

Time constant

SO0 = sigma naught

TT = True time nsed
SX = Sigma x
FX = £(x,t)

DALT = Delta altitude
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DT = Delta time
ATOT = Total activity at a specific altitude
SG = Sigma z at the aircraft altitude
Z = Particle distribution center height

T = Temperature

o
i

Pressure

g

Air density
DV = Dynamic viscosity
KV = Kinematic viscosity

RC

Reynolds number squared times the drag coefficient

RE Reynolds number

VP = Particle velocity

TI = Time step
. AR = Acti\}ity per ngetei‘
' PER = Percent of total activity

PARMAX = Dominent particle's activity

RADMAX = Dominent barticle's radius

FY = £(y,t)

SY = Sigma y,

A2 = Activity per meter squared

A3 = Activity per meter cubed
DENS = Air density

CACT = Cabin activity
DRATE = Dose rate

TD = Cabin tissue dose
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MUA = Tissue absorption coefficient

]

MUT Attenuation coefficient in air

Dl = Dose rate for sky-shine dose !

SD = Sky-shine dose

61

T e e ‘.. . - _\..__: _.-. LR .{\\: - ;‘. LS .._'_-.. __‘». R N ‘\ ‘;). “am _"‘_("-."‘J
PR . u . A
'u‘_':':'l'- e !_3 e 1- LR -?-_.:'m;.\j\.-_‘m‘a‘ P m P ‘\‘4 .\ RN ), DN RN




AR AT ey S SR AR SR S M .M
Appendix B
Dose Program
A brief explanation of the dose program and its listing j
are contained in this appendix. This program can be run
either interactively or by card deck. Any initial parameter
can be changed, although there are four parameters that are
most likely to be changed. These parameters are:
l. Yield in Kilotons (YLD}
2. Aircraft range to burst in meters (ACR)
3. True airspeed in meters per second (VAC)
4., Mission time remaining in hours (TR)
Initially, the program calculates and displays the time
of arrival, cloud center height and the aircraft's distance
A to the burst. It then calculates and displays., for 24 alti-
ﬁ tudes from 12,000 to 500 meters, activity density, activity
area, aircraft altitude, cabin dose, gamma-ray mean free path
;} and sigma x. The last two values are compared with each
X
;{ other to insure an accurate calculation of the sky-shine dose.
Ry
l Dominent particle size and the percent of the total activity
>,
i it contributes are also displayed.
Q Another version also calculates and displays the particle
i distribution center height and the activity per meter at this
E: altitude for each particle.
3
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PROGAAN CADSOS
€ TNIS PROSRAN CALCWLATES TME CADIN DASE CAUSED BY CABIN INGESTION
C M0 SKYSHINE RADIOACTIVITY
REAL RA(100), RUIED! , ARUIOH) KV
REAL WUA,NUT, i, PER(108) ,MILTI
C  THE DATA FELLOWING ARE THE RADII OF 189 PARTICLE SIIE GROWPS
MATAIR(1), 151,331 /.48,.92,1.29,1.60,1.99, 2.35, 2.7, 3.87,3.45
s.!.03,4.23.4.“,5.“.5.09;3.94,6.39,6.!7,7.!6,7..7,'.3!,..13,9.5‘,
210.1,10.7,10.3,10.9,12.4,13.3, §4.,14.2,15.4,16.2,17.,17.9,18.7/
MTA(R(D), 1534, 742 /19,5, 24.5,21.3,22.9,23.5,20.6,23.7,26.0, 8. ,
129.3,30.5,31.9,33.2,34.7,36.2,37.7, 39,3, 41, ,42.0,44. 4, 86.5, 4.4,
19.5,52.7,%.,57.3,%.9,42.5,65.3,40.2,71.3,74.5,77.7,81.4,65.2/
MTAMID), Is71,169) /99.2,93.3,98. ,163., 108, 113.,119. 124,132, ,
2140., 108,158,186, ,178.,108., 201, 218, ,281.,209.,276. , 24, , 323.,
1323.,357.,4%., 519, ,415. , 762, , 1633, , 1073,/
C  TNE NEXT DATA STATENENT IPUTS THE FRLLOWIIS VGLEES
T FoFISSION FRACTION
C  LISMENPORS YIELD IK KILOTBNS
C  ACRsAIRCRAFT RANGE FRON THE DURST
C VC=TIRE AIRSPEE)

X C  ACAAIRCRAFT ALTITWIE IN PETERS

]

TReTINE REMINTE IN NISSTON AFTER AIRCRAFT REACKZIS CLEN CENTER

i

% BATA FF, YLD, ACR, WAC, ACA, TR/0. 5, L0GH. , M4T200. , 231.5, 10099 ,0./
&Y
o)
a € CHNERT RAMI TO NEYERS Follow G
L . Reproduced from
, 0 W 11,10 best available copy.
o Paes
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N
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B

RUIIRTI$1.E-$6
o CONTINE

TA=ACR/VAC

KRSTA/360.
C  VOLsCADIN VOLUWE IN CUBIC METERS

VOL=204, 356
€ WeMASS FLOW RATE IN KGN/NIN OF CABIN AIR IWPUT

g,

PRINGS," TINE OF ARRIWAL = *,HR,’ WOIRS’

PRINTS, " TRUE AIRSPEED = *,VAC,” NETERS/SECON’
€ NCsCLOWD CENTER MEIGHT IN METERS

NC= (44, 6. 1006 (YLD/ 1099, ) -, 2058 (LB (YLI/ 1909, 142.42)

1SABSLOG YLD/ 1999.142.42))8304.0

U
C  CURVE FIT WALUES OF INTEACEPT M SLGPE WSED TU FIND DISTRIDWTION
C  CENTER MEIGNT OF EACH MRTICLE SIZE GROGP

CLeEIP(7. 0000, T 912200T012, 4. MSZZTEVHNS. . 0MITATIN.

CLoETP U1, 574 OO11970Y OFSATEAVEA, <, SBA1TSIS. o MIOINNSITENA.

PRINTS, "CLOVD CENTER NEIGNT 1N NETERS « *,NC

PAINYS, " DISTARCE FRON DURSY = ',ucinan.,' o
C 536 NEGACURIES PER KILOTON OF FISSION YIELD ARE PAGINCED

AAT=530, ENSYLISFF

C  WP=PARTICLE DENSITY

LS | AN 4 R

=208,

A
e ls

a”el
-

PE-SEALEVEL AIR PRESTERE

.8
-

PE=1. 0L 325N

Lol

TEAE
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HC1=HC/304.8
¢ THE FOLLOWING VALUES ARE USED TD CONPUTE SIGMA I MDY
TCL=({12.0HC1 /68, )-(2, S0 (HC1/66. 1882, ) )
TC2=(1.0-6.S0EXP(-(NC1042.)/(25.602.)))
TC=TCLATC201, 05732 .
SO=EXP((.7+LOG(YLD/1000.)/3.)-3.23/ (4. + (LEG(YLD/1006.)¢5.4) 882, ))
S0=5001609. 344
IF (KR 6T.3.)THEN
TTs3,
ak
T«
(2 )12
. n-unm.m:.m.m»m:»iu.s

FREIPL-.38(D. /EX) 412,51/ (2. 30043881}

NLT=ACA/S,
2 010 ke,
"{\' o3,

g

A Wt

! ATOTS,

&‘ MmN,
o

!‘5 FRINTS, " S30080Va0RNERERsRResntesasssssasssnustesesssssssscassssiss
D 108080808888¢°
N : mus,’
M 2 29 (1,100
Eﬂ . MAR(1182.0

w
-

Rl
-

X
A
’
{
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UsC1-C28MA
Ti=6.0
Si=9.1802
100 IF(L.LE.11009.) THEN
T=233. 13-9. 086581
PPEL((7/288. 15)005.2509)
ELSE
T=216.43
Prid. 2208PGEEIP(-1. AZE-S40(1-11004.) )
OnIF
RA(T)=f. 00300400 /T
ST (1.45P/00(1))
IV=DYRANIC VISCOBITY AN KV-KINEWNTIC VISCOSITY
el 43~ (T001.5)/(T+110.4))
Kv=Bvs (1/MA(1})
RCu32, 0APS9. 006430 (R(1)883.) /13, SRA(T10(KVES2. )
IF(RC.LT. 104, ) THEN
RE=RC/24. -2, S36E-SAS (RCS$2. ) 92, S134E-S68 (RCL3. ) -6, VIE-PVE(MCS8L. )
LS

RE=-1, 2953544, Y05SLOB10AC) 0. 0444778 (LUGIH (RT) 802, } 41, 1 233E030

X . 1 (LODISIRCI843.)

N

N RE=10. S00E

i oeIF

-r*,'ﬁ

5&1 C  VPsPARTICLE FALL VELOCITY

;’:- W (RELXV/RIAN U1, o1, LASE-07/ CRUTIERACL)))

»

i ' 1e1-wI0

RS
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Y Ti=TI+D?

IF(TL.LT. TAY THEN
0 10 108
EnIF
DALTI=ACA+3. 851
IF(2.67. 3ALT1) THEN
6010 26
BiF
BALT2ACA-3. 851
IF(1.LT.ALT2) VEN
nn»
EnIF

€ MACTIVITY/RETER

Q " MRUT)=0. G1CARATOETP (-4, 58 ((1-ACA) /821882, 1) /12. 30443481}
IF(90.07.4. ) MER
0Ny
BeIF
IF(ATOT. E0.0. ) THEN
C R RE
EIF
IFUARIT) LT AR(E-1) ) THEN
041
EIF
130 ATOT-ATOTHAR(E)

|

i _ IF (0. 1) THEN
”cl
;

67

T S B SR e AR M N S
ST . PRRPLEN -

® o ML VA L W c . L P T B Y N L )
LR ALY "-‘ ‘\-'_,‘.q.- ‘i:\ - i\‘, - --.. NSRS .‘\.‘“" < ‘..-‘-.-'-.n\_‘ e




TAY T LT T T NI TV T TR YT M b il A P Ay
Yl L DL S S B R B T R I B e T i e S S S P R SR PSS L OISR N M N R e A AR A |
W~
L)

o) "l
EmiF |
2 CONTINE
120 PRINTS,*
1s1-1
M 3 Joa,|
PER(J)=R(J) 8199, /ATOT
3 CONTINE j
C  FIN) DONINENT PARTICLE
PARMISPER(K)
MR ()
i N 9 Jeten, |
\3 TFONRII). OT.PER (-1} ) THEN
o PAALPER(J)
L oI 1)
Ea BwiF
" ¥ CONImE
.-' PRINTS, "DORINENT PARTICLE SIZE 1S *,MBWAL," N MADIWS’
4: ' PRINTS, " THIS PARTICLE CONTRIDTES *,PANAL, L OF TOTAL ACTIVITY’
1 PRINTS, FOR PARTICLES DETUEEN *,R(N),” M *,R(1)," § MADIS’
B¥=( (38302 )0(1. 48, STT/TCH +(S0H1. SR 802, 48,5
;33-% . |
i FYSETP(-, 500 (YD/SY) 882, ))/ (2. 3064305Y)
C  A2ACTIVITY/IC MO ASSACTIVITY/NS
5" A2=ATET/ (2. S438Y)
g K3eA2/(2. 30443081
:,: e
< 68
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B s’
- PRINTS, ACTIVITY/2 » °,R2," CI/R2’

PRINTS, "ACTIVITY/NS « *,A3,’ CIAD’
PRINTE,"AICRAFT ALTITUDE = *,ACA,” WETERS’
IF (ACA.LE. 11009, ) THEN
12200, - S4SHACA
PeP(T/200.)018.25
RLSE
Pag. 2249PEIEIP (-1, SR2E-$48 (ACA-11099. ))
1e214.49
oI
DENS=3. MME-30P/T
CACT=A200/ (BENSIWCS4.

(] DRATESCACTED, TE18. 00303, 4781, SE-$683. 4/ (VOLL1NS. )
TO5. SUATELOREE (-, 2)- DS TRI SR (-.2))
PRINTS, *CABIN ACTIVITY = *,CACT,” CI’
PRINTS,* TISHE DO3E T8 EIPORNRE ¢ *,TR," NEORS IS °,TD," RANS’
PRINTS,"DOSE RATE = *,RATE," RABS-TISSUE/NOR"

C WA IS THE TISSUE ABOORBTIEN COEFFICTENT(UA/ND)

C  WOT IS TNE ATTENUATION COEFFICIENT FER SEALEVEL AIR(UT/NNS)

. 003

4

: WT=, 00434 806ENS

i IF(1/MT. 6T. . 1SY) THEN

PRINTS,"SKYSHINE DOSE INACCURATE INE T LARGE BN WFP’
auiF

M=(ATOTS3. EISSMUAANT) § (FY/VAC) §1. 6E-11
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N c SO 1S THE SXVSNINE DOSE

SeisiMet(-1.2))40.9

PRINTS, "SKYSNINE BOSE = *,SD,° RABS’

PRINTS, GANNA NFP = * 1/WUT,’ W',  SIGMA L = °,SI,° W
ACASACA-DALT

PRINTS, 0808008 000000800002800030000280008800080880008800800000008
shessnetntee’

mRINTS," *

T e e
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TINE OF ARRIVAL = 1. NOURS

TRUE AIRSPEED = 231.3 METERS/SECOM

CLOGD CENTER MEIGNT IN WETERS = 13643, 2687024
DISIANCE FRON DURST = 833.4 KN

CORBRORRRRRORNAILITERRTONURIRIBORRRERILIONARINERINLLLNNE

DONINENT PARTICLE SIZE IS 00573 N RADIUS
THIS PARTICLE CONTRIDUTES 2.4617492236341 OF TOTAL ACTIVITY
FOR PARTICLES DETWEEN A.0E-7 AND 00014 N RADIUS

ACTIVITY/NZ = 1424.76343%45 C1/R2

ACTIVITY/NS = 1345435162235 C1/M3

AICRAFT MLTITUBE = 10000, NETERS

CABIN ACTIVITY = 15,925637343%3 CI

TISSUE DOSE TO EXPOSURE + 8. NOURS IS 2.716145984343 RAIS
DOSE RATE = 1.524232178247 RADS-TISSUE/NOUR

SKYSHINE DOSE = 3.74231432713: RADS

ONA WFP = 3804197171993 N SIGNA X = 4224.01283177% N
CRRERESERNIEINELITEANRIRANNALILATANALLAANAAA0A000L00S

SO08002000000008238800800L500023T0083000E000030020000000C

DUNTUENT MRTICLE SIZE IS .G00SA2S N MARIW
THIS PARTICLE CONTRIDUTES 2.7792734143T OF TOTAL ACTIVITY
FOR PAATICLES DETUEEN 4.0E-7 ME 000140 R AADIWS

ATIVITVAR = 1201.0019%1464 Q21112

ACTIVITY/NS = . 1191700043179 CIANS

AICRAFT ALTITIRE = 300. ETERS

CABIR ACTIVITY = (4.0%A02t97N CI

TISOUE DOSE TO EIPONMRE ¢ 0. WOWRS IT 2.237143343141 MAIG
DOSE MATE = 1. 09463070917 RADS-TISSNE/NBNR

SYSMIE DUSE = 3.114761081795 MBS

O IFP = 317315035207 B SIGWA I = 4ZN.01203177% B
SISEESR000000280200000000088203000000000000000000080018

SER000000000000080080000000050080000800800380800800000008

DORINENT PARTICLE SIZE 1S .0000602 N RADIUS
TRIS PARTICLE CONTRIBUTES 3. )34300017871 OF TOTAL ACTIVITY
FOR PARTICLES DETUEEN 4.0E-7 A 000134 & RADINS

ACTIVITY/NZ = 1112.902001736 CI/M2
ETIVITY/NS = . 165116942093 CING
AICRAFT ALTITWIE = %960. FETERS
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= CADIN ACTIVITY « 1170199400992 C1

N TISSUE DOSE T0 EIPOSURE * 8. MRS IS 107370604340 RADS
DO0E AATE = 1053032092704 AADS-TISIVE/NRR
SKYONINE DOIE = 2.387349347929 MBS - ;
NI WP « 34.40ISTO00N0 B SIOMA I = 42200123177 W |
T O T T Y LTI P

OURINENT PARTICLE SIZE IS 0006743 R RADIVS
THIS PARTICLE CONTRIDNTES 3.3039137997281 OF TOTAL ACTIVITY
FOR PARTICLES DETUEEN 4.0€-7 NI 000144 R MRS

ACTIVITY/R2 = 902.3337060340 C1/M2

ACTIVITY/IS = .2TWSYT4I972 C1/S

AICWET ALTITIIE = 8309, NETERS

CADIN ACTIVITY ~ 9.731188713217 CI

TISIE DOOE TV ENPOUURE + 0. WINRS IS 1.33010MTHS AAIS
DOSE PATE » 0743440431973 DADS-TISIE/MNR

SYSNIE 000 = 2. 131309700413 AN

O IFP = SI7. ATV R SIOMA I = AZN.SINITIO N
SES00S000EELARERINEELSILISSCTINIUTTLANNNANLNGNLILNNNNE

’
LA

fo .‘:E‘:m.-;

P
€t Je e,

LR

Q SE0RSSESAE0LEREANANORINERLOLETEALALACILALINITIAEALALILLLS
3
o DORINENT PARTICLE SITE 1S .0826777 N MDIVS
£3300 O STURMEE ¥3ED.
* 0.497 CP SECHIDS COPILATION TIRE.
‘ TRIS PARYICLE CONTRIIWTES 4.82126483109272 @F TUTAL ACTIVITY
N FOR PARTICLES OETMEEN 4.0E-7 MO 000145 N RAINS
N KTIVITY/R = 071 ANNTS L1/
N ICTIVITY/NS = .0R23S18137744 CI/NS
AICRAFT ALTITVEE = 0000, JETERS
i CABIN ACTIVITY = 8. 137004121741 CI
~ TISSNE DOSE T0 EIPSINAE ¢ 8. NRS IS 1302912933208 MANS
N DOSE MATE = . 7SZVOA972005¢ AADS-TISSNE/NDNR
N SEYSHINE DOUE = 1, 79911049063 AADS
D! O IFP = 299.007TH7AR3A I SIOMA I =~ 42N 131776 B
‘i- S808028000860000000800888000808808880838080880808088000
)
) SE00R0SRINIRITIRINEIINANLALIEIRINLELELITINILILEEINILILIS
\_!
[§]

DININENT MATICLE SITE IS .0000N32 N MO
THIS MRTICLE CONTRIDUTES 4.4979727992001 OF TOTAL ACTIVITY
SN FaR MRTIOLES qm 4. 5-7 N0 000176 R NI

P-4

. a
-
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e ts - -

N ACTIVITY/RZ = 779.419790091 CI/M2

ACTIVITV/NS = . 07343213856268 CI/KS

AICMFT ALTITURE » 7300, NETERS

CABIN ACTIVITY = 4, 6BATIITS C)

TISSNE DOSE TO CIPOINEE ¢ 0. NINRS [S 1.099792001831 AADS
BESE MATE = 010345720911 MADS-TISSUE/NAR

SKYSNINE DOSE = 1.31844143370 AADS

GADM P » 202.122023000 0 SIGWR T = 4224. 012431776 N
S80200088000000000000000000000 0000000 00000000 00000000200

SE0CO00L00000UEE000000E8000000000008800000300000000000008

DORINENT PARTICLE SITE IS 0000072 N MADIUS
THIS PARTICLE COWTRIDUTES A.9762113044091 OF TUTAL ACTIVITY
FOR PARTICLES DETWEEN 4.0E-7 AN 000100 N MADIWS

ACTIVITY/ = 0. 214SIN3 CI2
KCTIVITYAG = MASIITIAOTASS IS
AICMFT ALTITWE = 7909, WETERS
CABTN ACTIVITY = 5. 55202043 C1
TISNE DOOE T EIPOGUNE ¢ 6. NNAS I8 .Y3M1712732 MAMS
WONE ATE = .S279DMGNSIN2 AMIS-TIOVE/NONR
SCYSMINE OOE + 1. 2531413096 MBS
© omw ourmmnr s oname
BIREIESTOALIRIIENSSALIEAEREIAEAESINTEREALERONEATATIAE

SES0000000000R00TAI000080030800000000008T100000000000000¢

OUNINENT MATICLE SITE IS .00 R NI
THIS MRTIOE CONTRIDNTES 5.4SM1032012431 OF WOTAL ACTIVITY
FIR PARTICLES JETAEEN 4.0E-7 A .000100 § MDIWE

£
b

R
"

ACTIVITY/NZ = $42.420120018 CI/2

ACTIVITY/RS = .06003606324313 CI/M3

AICRFT ALTITURE = (300, NETERS

CABIN ACTIVITY = 3. M7191M4I23 (1

TISHE D03E T0 EIPOUIRE ¢+ 6. WS IS .DOU16LOUIIIH MANS
DOSE PATE = . 8343209347271 MADS-TISRUE/XBR

SYIINE JOE = 1. 119930454750 RS

G IFP = 2517050090228 N SIOMA 1 = 4220.012031774 R
SO000000200S002000CL00S0200L200000008000088230800000088

TeiTeTe e ey
Lt A‘

.
L4
L

LN o
2

T
P

S000000800000800080088080888000880Y3800800088080800000080

g1

.
& AL OENDNENT MRTICLE SIZE 1S .030103 R MADIE
-
N
Ny 74
D)
o,
S
.l
.
.
)
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Y

(o TRIS PARTICLE CONTRIBUTES 4.9187833623171 OF TOTAL ACTIVITY
Y FOR PARTICLES DETHEEN .000614 AND .000201 N RADIUS

ACTIVITY/NZ = 582.6820027496 Cl/M2

ACTIVITY/NY = ,#5302436448333 CI/N3

AICRAFT ALTITURE = 4068, METERS

CABIN ACTIVITY = 4.331304833113 CI

TISSUE POSE TO L(POSURE ¢ 6. NOURS IS .4930333430044 RASS
DOSE RATE = . 390429100035 MDS-TISHVE/NIPR

SKYSHINE DOSE = . 9374744566434 RADE

GANNA WFP = 2338737217214 N SIGMA I = A224.012631776 A
SERGTRSRELLBANEOENLETNSTINTENILIANLINTTILEINNALNLINLS

EX RS i s L]
it R

A

« .7 F.e-r
PILER L

e

SIES00080080800808803L00000880883008800800888008800030800

BOMINENT PARTICLE SIZE 1S .000108 N MABINS
THIS PARTICLE CONTRIMITES 4482000411741 OF TOTAL ACTIVITY
FOR PARTICLES DETWEEN . 0000235 A0 .009215 N AADIVS

e - [y o -
AR R

ACTIVITY/N2 = S40.9892934143 €I/
ACTIVITY/IS = 9516391411 CIANS
ACWFT ALTITEE = 300, NETERS
CADIN ACTIVITY = 3304309993237 CI
TISINE DOSE T EXPONURE ¢ 0. (BURS IS .LOWTIANNS23 WS
[ DOSE MATE = . IZ7083S70979 AMIS-T1 IE/ B
SCYBIDE DORE = .B41976243333 MR
' BT WFP = 225, 5UTT03409 M SIGNA T = AZ24. 452631776 N
RESSEBOR0ARS0OREEEEEINERNISEEILELELEILELININRINISLEILLS

o

N

SI0000000008200080080000810000000008800088800008008888000

DORINENT PARTIOLE SITE IS 490113 N RARIWS
THIS PARTICLE CENTRIGUTES & "228113484771 OF TOTAL ACTIVIVY
FOR PARTICLES DETWEEN .000.31) A . 000213 N RASIVS

RCTIVITY/RZ = 503.71579529% CInt:

ACTIVITY/NS = .4T7R182827677 CI/MN

RICRAFT ALTITWRE = 3000, FETERS

CABIN "“TIVITY = 3.371940874042 C1

TISSUE 5. TC EIPODWRE + 0. NDURS 1S 3397703049708 PANS
DOSE RATE = . JUTIN23940061 RADS-TI9NE/NBMR

SKYONINE DOSE = . 7433493993333 RASS

OMA WFP » 133768716378 0 SIGMA I = 4224.012031776 N
SOR0LEESE00300080000000800080000000008R0008000000 3080008

A AT A 4 R N T R R RAPET L PRl S N~

a7 s TEEAE .

-t D T i TR IR U

) SORBECHREIRRNRTERNRIRRRTeIREISIItantINRINInaNtINISLIILNS
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DONINENT PARTICLE SIZE IS 006119 W RALIUS
THIS PARTICLE CGNTRIDUTES 7.35125484622471 OF TOTAL ACTIVITY
FOR PARTICLES DETMEEN 0000377 AMD #8231 B RADIUS

ACTIVITY/NZ = 475.1243627609 C1M2 A ‘
ACTIVITY/RS = ,$4496835178329 C1/0Q ?
AICRAFT ALTITUDE = 4344. NETERS

CABIN ACTIVITY = J.086421914219 (1 ;

TISSUE DOSE TO EXPOSURE ¢ 0. NOURS IS .48142861512975 RADS |
DOSE RATE = 2767430068953 RADS-TISSUE/NGUR

SKYSHINE DOSE = .GbATIMSELTY RADS

CNEW NFP = 2022167676760 N SIGMA T = 4224,.912631776 W
SORSELERA0LE0ORLEECTRLOROEIELLERATINLLRNNILILLILILLS

SSEUBOBEEER0REBAROANRELLENRSTIRIEESLIIILLITNRILLSLSANLILS

DORINENT PARTICLE SITE 13 .008126 N RADIUS
INIS PARTICLE CONTRIDUTES 7.798797€35061 OF TOTAL ACTIVITY
FOR PARTICLES DETVEEN .9006428 MND .9500231 N RADIUS

MCTIVITY/NZ = 449.2233207004 (/2

ACTIVITY/NS = . 94202744239628 CI/GS

AICRAFT ALTITURE = 4904, METERS

CABIN ACTIVITY = 2.499170878727 C1

TISSUE DOSE TO EXPORURE ¢ 8. WINRS IS . 4307532663343 MBS
DO3E MATE = 242209476113 RADS-TISSUE/HOWR

SKYSHIRE BORE = .5940034009%1 MM

OMA WFP = 191.760%93245 N SIHIA I = 4220.812631776 M
SO00E0ES80000800008000080800800R0088000022000008808000818

COS00CI0E000000ELIRTIEEELEETERE00SELIITRNLESLLVONSALINNL

PONINENT PARTICLE SIZE IS 009132 N RADIWS
THIS PARTICLE CONTRIBUTES 8.Z316814974341 OF THTAL ACTIVITY
FOR PARTICLES DETUEEN . 0005400 MO 000249 B RADIMS

ACTIVITY/NZ = 425.1324353733 C1Mm2
ACTIVITY/NS = .54015214943408 L1/

L AICRAFT ALTITURE = 3300, NETERS

l CADIN ACTIVITY = 2,415943304329 CI

o TISSUE DGSE T2 EXPGURE + 5. NOWRS IS . 3048433340483 AANG
¢ NISE RATE » 2175697647313 MADS-TISSHE/NOWR

) SKYSHINE | 9E = .S3HITI063Z308 RANS

A\ GAIWA WFP = 1019796354102 0 SIWA I @ 4224012431776 W
i 0SEE83E008000088080808880080808800ST0R08E8R80E8R8080008
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SERRBEAIRURSRLRRNNCIIQLLLACALIRINRILASEANSRARANNILRINNS

DONINENT PARTICLE SIIE IS #0014 R RARIUS
THIS PARTICLE CONTRIBUTES 0.764%99738741 OF TOTAL ACTIVITY
FOR PARTICLES BETUEEN 600055 AND . 000249 N RADIUS

ACTIVITY/N2 = 492.46445261075 C1/M2

ACTIVITY/NS = .03062826879233 C1/N3

AICRAFT ALTITUBE = 1080, KETERS

CABIN ACTIVITY = 2.172734225348 (]

TISSUE DOSE TO EXPOSURE ¢ 8. NOURS IS .3479924319404 RARS
DOSE RATE = . 1936673439912 PADS-TISSUE/NOUR

SKYSNINE DOSE = . 4063987143436 MAIS

SAUA IFP = 172.0006825933 0 SIOWA X = 4224012631776 M
SER8EREES0004000000800008800080080800888008080880808808000

SESESEESER008T0000200008080000080000000000880008020800800

DONINENT PRTICLE SIZE 1S 000140 N RADIVS
THIS PARTICLE CONTRINTES 9. 14SZ318447671 OF TOTAL ACTIVITY
FOR PARTICLES DETMEEN .000F3%8 AD 00927 N MBIV

ACTIVITYA2 = J02.493557T76366 CIN2

ACTIVITV/RS = 4361039399111 CI/

AICAAFT ALTITIOE = 2500. IETERS -

CABIN ACTIVITY = 1.9%2133243%3 C1

TISSHE DOSE O EIPGSNRE + 0. NEWRS IS .3141993993026 MADS
BISE MATE = . 1747915251347 MADS-TISSUE/NIRR

SYSNE MOOE » 433034156377 MIS

GANA WP = 164, 1067427300 1 S1OMA T = 4224.012031776 B
SOS8005ES00REI00E0EE00000000000208848008300008000008008

SLOREORRLERALELIRNEENOLANILITIONLISEITESTILLIIRIISILILLS

DONINENT PARTICLE SIIE IS 000136 N RADIUS
TNIS PARTICLE CONTRIDUTES 9.4373093361072 OF TOTAL ACTIVITY
FOR PARTICLES DETWEER .0000453 A . 90027 % MADIUS
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ACTIVITY/RZ = 363. 8570445993 CINQ2

ACTIVITY/NS = ,03A344900504006 CI/S

AICMFT ALTITUIE = 2000. NETERS

CABIN ACTIVITY = 1773639140743 CI

TISSHE DOSE TO CIPOSURE + 6. JBURS IS . 2039990349135 RADS

DOKE RATE » . 1397205326653 RADG-TISOVE/NBWR

SKYSHINE DOBE. = . V21374799732 MG

OGN WFP = 156.0970430721 N SIGRMA I = 2N.M1263177% M
‘Z':‘; SER00S00000000000000800080020000885080088882300000080808
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DONINENT PARTICLE SIZE 1S 008146 N RABIUS
THIS PARTICLE CONTRIDUTES 10.676477644081 OF TOTAL ACTIVITY
FOR PARTICLES DETMEEN 0000713 ARS 006294 N RADIUS .

ACTIVITY/N2 = 344,7732709295 CI/M2
ACTIVITY/NS = 8327516117685 C1/3
AICRAFT ALTITUEE = 1509. METERS
CARIN ACTIVITY = 1, 60003893062 CI ' !
TISSUE DOSE TO EIPOSMRE ¢ 0. I3 2574873257331 WIS
DOSE RATE = . 1448132639537 RADS-TISSNE/NSUR

SKYSHINE DOSE = 3353427237489 RADS

GAW IFP = 140.4%41000700 0 SIGNA X » 4224.012631776
S088330800008058088808800080008883080000830808088880808

SEETRLO000ER00000000208808808380008000080080000800000008

Mnll” PARTICLE SITE IS 000160 N MADIVE
THIS PARTICLE CONTRIDUTES 10.544041934481 &F TUTAL ACTIVITY
FOR PARTICLES BETUEEN .0000777 N 900294 N RADIVS

ACTIVITY/IR = 330. 300499743 Cl/2

ACTIVITY/NS = .031222074699376 C1/3

AICRFT ALTITWEE = 1009, NETERS

CADIR ACTIVITY = 1.439123294%82 C!

YISSUE DOSE TO EIPOSURE ¢ 0. MRS 13 . 2334376471142 IS
DOSE MATE = . 1310025373027 RADS-TISSUE/NBUR

SKYSNINE DONE = .322614940%417 DADS

O IFP « (41 UTI0SA008 0 SIBMA X = 4224.002631776 W
S8080008000000000008080830000008080800228008008000030008

SO000800800000000000800808002000000080808 280000000088 8088

DONINENT PARTICLE SITE 18 000176 N RADIWS
THIS PARTICLE CONTRIDUTES 1164391303100 OF TOTAL ACTIVITY
FOR PARTICLES DETUEEN .0000014 MND .P0F323 R RARIUS .

' .
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3 ACTIVITY/2 = 316.972091851 CI/M2

s ACTIVITY/IS = ,0299910083774% CI/ID

o AICMFT ALTITVEE = 540, NETERS

= CADIN ACTIVITY = 133004729484 C1

N TISOVE DOOE T0 EXIPOSURE ¢ 0. NEWRS If .2130970904554 AADS
L DOE RATE = . 119030544740 MDE-TIS0NE/NDWR

Ry SKYSNINE PRGE = , 794234733347 MDS
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Appendix D

Microsoft BASIC Version

A Microsoft BASIC version of the computer code was also
developed. This program performs the same computations and
outputs the same values as the FORTRAN version, but was
developed for use on a microcomputer. The program listing

is included in this appendix for those who may want to run

the code on a microcomputer.

I“f
-

L2
*.d
Sl

A
R S B I )

’,

e
A

b3

. i bl T

RN
PR

.,".

=

. s
P
.

'll.‘
LI

79

27"
o
als

X A

. v
JS LN

L

. P - . - - < . P “-y .. L I I N A R TR AT B e TP I TR AL, [ BV P e U T U
N T o e e e PR I/ SRS SRR RS T I R A 4“.-.'=-“‘~'_-‘1- ‘_'.":‘ NI ) -
A . .t - & ..F.“. A - . 7 LI . - - A .! LY - D ] ‘!“\~ \r ~‘y.~_._ PRI W LR R T S -

.
v e




L]
af

xy

A

Y

AR

2

NP s

-‘;m:.’ T -'Q‘i“.

-

10 REMSCADIN DOSE PROGRAM WODEL 2¢

20 RENIPROGRAN REVISED 17/11/82¢

30 DIN RALIOR) RU1E0) , AR(L0S)

46 OPEMS, °P1 *OUTPUT: DEF CLOB(R) =, 43438L06(X)

59 INPUT*FF,, YLD, ACR, VAC, TR, ACA?* ; FF, YLD, ACR, VAC, TR, ACA

o0 DATA .40,.92,1.29, 1.84,1.99,2,35,2.76,3.67,3.45,3.83

70 DATA 4.23,4.64,5.0,5.49,5.94,6.39,6.87,7.34,7.87,8.39
BF DATA 8.93,9.56,10.1,16.7,11.3,10.9,12.6,13.3,14.6,14.7
96 DATA 15.4,14.2,17.6,17.9,10.7,19.5,26.5,21.5,22.5,23.%
100 DATA 24.4,25.7,26.8,20.6,29.3,30.5,31.9,33.2,34.7, 3.2
110 DATA 37.7,39.3,41.6,42.8,44.5,46.5,48.4,50.5,52.7,55.4
120 DATA 57.3,57.0,82.5,45.3,08.2,71.3,74.5,77.7,81.4,83.2
130 BATA 09.2,93.5,90.0, 163, 108, 113, 119,126,132, 104

140 DATA 148,155, 166,176,108, 241, 213,231,200, 278

150 DATA 294,323, 357, 390, 430, 519, 613,742, 1633, 1873

160 FOR 1Z=1 TO 190:READ R(IT)IR(ITISR(IT)SIE-SArlEXT

170 TASACR/VAC: MRSTA/3600: VBL=244, 35730040, 2

100 PRINTSTINE OF ARRIVAL(Nr)=";R

190 NO={44, +5.10L0B (YLD/1006) -4. 2038 (LOB(YLD/1006) 42, §2) SARS (LOB( YLD/ 1008) ¢2. 42) ) $304.8

20 1=LB(YL))

218 CLoETP(7. 009, A0+ D01 2268V 2-. DPS2ZTIV 34 00041 T8Y44)
w ﬂ*lﬂ 1.570=. 00119707+ 034348V~ 2-. 0417~ 3¢, 0001 9438Y44)
230 PRINT°CLOWD CENTER NEIONT (W)=“;NC

200 ARAISISESLSYLISFF

230 WP200g: =1 . F1323E 403

g0




VG TSI, cO TR AR AL GEW DA ELAR AR ATARELE CEAE AL GA Dk

200 NC=HC/304. 01 TCI=120MC/ 60~ (2,50 (NC/40) “2) 1 TC2= (1. - SEEIP(~(HC*2))/(25.°2) ) s TCTCIETC281. 03732
279 S0uEXP((0. ToL06 (YLD/1000) /3)-3. 25/ (4. + (LOG{YLD/1008) 45.4)*2}) $16d9. 30
200 IF NR)3. THEN TT=3, ELSE TToMR

299 SI=((S*2)8(1. +(B.4TT)/TC) )5

300 FReEXP(-,S8110/81)°2))/(2. 3064851}
318 MLT=ACA/S
¥ FR k=1 70 7
330 Neh:0T=300:AT0oh; [0
b
PRINTOALPRINTOS, TAB(2) ;  ITERATIEN®; SPC(3) ; "RADIUS (M) °3 SPE5) 3 "ACT. (CI/N) *;SPC {4} ; *ALT. (W) *1PRINTRS
33 FOR 1=t T8 108
348 =R(1)82
3R 1«C1-C200
Q 308 Tishh =8, 1081
3% IF 2=(1000 NEN 018
0 1F D1i000 THEN 40

410 75200, 15-0. 0063012 P=PO8 (T/208. 13) *5. 2509: 0070 430

020 Vo216.83:P= 2204PGSEIP (-1 SR2E-$48(1-11000) )

430 RAT) = 003ACP/T: S=SER( 1. ASP/RALL) ) s W= (1, STWE-$68T41.5) / (Te110.4) 1 X¥=DV/RAL D)
40 NC=320APSY. 006458 (RTT)*3) 7 (IORALTI S (KVA2) )3 IF RC)14G THEW 460

450 RESAC/24-2. SIE-H48 (RC*2) +2. F15AE 968 (RC3) -4, YIE-S90 (RC~4) :80T0 474

468 RE=-1.29334+. 904 5CLOG (NC) -. 5464778 (CLOG (RC)*2) #1, 1 273038 (CLOB(RC) “3)1RE=1#'RE
470 VPRESKV/D20C=1. ¢1. LASE-47/ (R(T) SMA(Y) ) s VPRSI

9 I=1-vT

9 TisTielt

Y W RIS S ST ARG e e s RN SN TR VO T TV T

. 6 IF TICTA THEN 3%
NN
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$10 1F IIACK39ST THEN 610
S20 IF 7CACA-38ST THEN 429
SIP (1) =, 0 SARAISEIP (-9, 50( (2-ACA) /51)~2)/(2. SM63851)
S IF 58)8 THEN 578
30 IF ATOT=S THER 576
S IF ARCIICARIT-1) THEW SGeS1
ST0 PRINTOS, 1,R(1),MR(D), 1
508 ATOT=ATOT+AR()
W IsI+l
9 IF I=1 TN Lot
410 EIT ¢
420 PRINTOAPRIETSS, T THT. ACT.*;SPC(3);"PRTICLE AMDTUSIN) *tPRINTO
& Ul
® W Rt
438 PER=(AR(3) /ATUT) 01006
64 PRINTSS, PER,R(3)
i ™
y 600 SYH((90°2)811.¢(8. 8TT) /TC) * (R0 0001 20,51 V4.
: 9 FYSEIP(-.SHL(T/STI*2) )/ (2. 3064481)
700 AZATOT/(2.500438Y)
719 A3A2/ (2, 506448T)
T2 PRINTOG:PRINTOS, “ACTIVITIARZ =*JA2; T/, “ACTIVITY/NS =*383;°C1/I3°
T30 PRINTOS, *ACFT ALT *3A0A; N°, “MRIVAL TINE =°;MR; *NOURS®
740 PRINTSS, *ACFT VELOCITY =*;WAC; "N/SEC*
750 IF ACACS11000 THEN T200-.00430ACA ELSE T5214.43

748 IF ACAC=11000 THEN PoPS8(T/200)43.25 ELSE P=, 2240PGSEIP(-1. SB2E-48(ACA-11009) )

)
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176 DE=3. AE-930P/1

700 CACTA2IN/ (BESWACESR)

790 DRAT-CACTES. TES100. 09303, 4781 4E-8413.6/ (VOLLIOO)

00 TH=340RATS (HR*-, 2-(MReTR)-, 2)

§10 PRINTOG, "DISTANCE FRON BURST »*;ACR/1009; “TH®

120 PRINTOS, “CABTN ACTIVITY =*;CACT; °CI*

£30 PRINTOG, “DOSE AATE »*;BMAT; “ANIS TISSUE PER HOUR®

$40 PRINTHS, *TISSUE DOSE TO ETPOBURE +°;TR; "NOWRS 1S°; T, *RADS®
030 Wi, 03 T=. 0043400€

866 IF 1/, 1951 THEN PRINTIG, *SXYSNINE DOSE TMACCUMTE BRE T LAME GNOW NEAN FAEE PATIS
£79 D= (ATUTA3, TECL00A/IIT)HFY/WC) 814611

0 SRIEOR-1.2)

099 PRINTIN, *SKYSHINE DOSE =*;00;°MOS®

900 PRINTSS, “SN0 IFP « *;17MT;° °,°S1OM 1 = *j81;° I°

910 ACKACHINLT

Y20 IF K5 THEN ACA-309

Y30 IF X6 THEN ACARZ30
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